Effect of zinc on puerarin accumulation in tuberous roots of white kwao krua [pueraria candollei grah. var. mirifica (airy shaw et. suvatabandhu) niyomdham] and the effect of white kwao krua crude extract on vascular relaxation in white rats (rattus norvegicus) by วิโรจน์, เชาว์วิเศษ
 ก 
 
ก
ก
 puerarin ก
ก 
[Pueraria  candollei Grah. var. mirifica (Airy Shaw et. Suvatabandhu) 
Niyomdham] 1
ก2กก3                   
224 (Rattus  norvegicus) 
 
 
 
 
 
 
 
35678  985:; 
 
 
 
 
 
 
 
 
 
 
 
5<35=>8?@ABCก:Bก;ก4@5DD5<3:EFG5 
59<663ก5=9  
5<33<663H 
@Iก:Bก; 2550 
  
 
EFFECT OF ZINC ON PUERARIN ACCUMULATION IN 
TUBEROUS ROOTS OF WHITE KWAO KRUA [Pueraria  
candollei Grah. var. mirifica (Airy Shaw et. Suvatabandhu) 
Niyomdham] AND THE EFFECT OF WHITE KWAO KRUA 
CRUDE EXTRACT ON VASCULAR RELAXATION                                                       
IN WHITE RATS (Rattus  norvegicus) 
 
 
 
 
 
Wirot  Chaowiset 
 
 
 
 
 
 
 
A Thesis Submitted in Partial Fulfillment of the Requirements for the 
Degree of Master of Science in Crop Production Technology 
Suranaree University of Technology 
Academic Year 2007 
  
ก
ก
 puerarin ก
ก [Pueraria  
candollei Grah. var. mirifica (Airy Shaw et. Suvatabandhu) Niyomdham] 1

ก2กก3224 (Rattus  norvegicus) 
 
	

 		
	 !"#$$ก%"ก&
ก'	(()*	     
    
 )+กก	
	 
  
   
 (. .../  +	0) 
 +กก 
  
   
 (2%. ...  +ก&) 
 กก  (3
#"ก&	
	) 
  
   
 (%. ..'%  %) 
 กก 
  
   
 (2%. .(. ..%3  	

)
 กก 
 
      
 
 
    
(%. ..)  ) (2%. ..
  	$
) 
$	ก.45	/ก ).6ก	/
กก& 
 $ 
	3  /	%& : 2$$ก+!ก+ puerarin ก+$
ก? [Pueraria  candollei Grah. var. mirifica (Airy Shaw et. Suvatabandhu) 
Niyomdham] O+2$ก.ก?!ก$.?.' 
(Rattus  norvegicus) [EFFECT OF ZINC ON PUERARIN ACCUMULATION IN 
TUBEROUS ROOTS OF WHITE KWAO KRUA [Pueraria  candollei  Grah.  var.  
mirifica  (Airy Shaw et. Suvatabandhu) Niyomdham] AND THE EFFECT OF WHITE 
KWAO KRUA CRUDE EXTRACT ON VASCULAR RELAXATION IN WHITE 
RATS (Rattus  norvegicus).] .
#"ก& :  2%. ...  +ก&, 89 .  
 
 Puerarin ก+$ก? [Pueraria  candollei Grah. var. mirifica 
(Airy Shaw et. Suvatabandhu) Niyomdham] f
	g/!ก$.?. h.
6ก

.$ 2 ก
.$j 2549-2550 
#	

 ก
.$
# 1 %"ก&2
$$ก+!ก+ puerarin ก+$ก? $O2ก
.$O
RCBD 4 p6 36 5 

 ? .!.$ก+
# 0 (.!.6ก#), 50, 
100, 200 O+ 300 		ก!	 2ก
.$! ก.!.$ก+
ก
.2!%'ก$ 6ก. 6กO$ O+pr/?$ก+$
ก?h!Oก!$ก
$s		 O!
6	) puerarin Oก!$ก!$6(
$
s		 ก.!.$ก+
# 200 		ก!		) puerarin '$
#. 194.3 
hก!ก6กO$ ก
.$
# 2 %"ก&2$ก.ก?3กก
.$

# 1 !ก$.?.' (Rattus norvegicus) 2ก
.$! ก.
ก?
ก


6.?.'กกก!/!$
#h!h.ก.
ก?!$6(	#$
$s		 ก acetylcholine !กก.ก?
#.
!.$ก+
# 200 		ก!	 
6.?.'ก'$
#. 
.pr?
#$$ก.$.?.'
#. 51.0 pr 
.$ ก.ก?2
6ก	.ก$.?.' O+ก.!
$ก+กก?s	#	) puerarin ก+$ก?h. 
 
	

ก  กก_____________________________ 
กก 2550   "#ก_______________________ 
      "#ก$____________________ 
      "#ก$____________________ 
  
WIROT  CHAOWISET : EFFECT OF ZINC ON PUERARIN 
ACCUMULATION IN TUBEROUS ROOTS OF WHITE KWAO KRUA 
[Pueraria  candollei  Grah.  var.  mirifica  (Airy Shaw et. Suvatabandhu) 
Niyomdham] AND THE EFFECT OF WHITE KWAO KRUA CRUDE 
EXTRACT ON VASCULAR RELAXATION IN WHITE RATS (Rattus  
norvegicus).  THESIS ADVISOR : ASST. PROF. YUVADEE 
MANAKASEM, Ph.D., 89 PP.  
 
ZINC/ PUERARIN/ WHITE KWAO KRUA/ VASCULAR RELAXATION/ RATS 
 
Puerarin in the tuberous roots of White Kwao Krua [Pueraria  candollei Grah. 
var. mirifica (Airy Shaw et. Suvatabandhu) Niyomdham] can promote vascular 
relaxation. Two experiments were conducted during the period 2006-2007 at 
Suranaree University of Technology. The first experiment investigated the effect of 
zinc on puerarin accumulation in tuberous roots of White Kwao Krua. The experiment 
was a RCBD with 4 replications and 5 treatments of zinc concentration levels. The 
White Kwao Krua were sprayed with zinc at concentrations of 0 (distilled water), 50, 
100, 200 and 300 mg/L. The results showed that zinc concentration had no 
statistically significant effect on the diameter, fresh weight, dry weight and moisture 
content of the tuberous roots. However, it had a statistically significant effect on the 
amount of puerarin. Zinc at the concentration of 200 mg/L gave the highest amount of 
puerarin (194.3 µg/g in dry weight). The second experiment studied the effect of White 
Kwao Krua crude extract from experiment 1 on vascular relaxation in white rats (Rattus  
norvegicus). The results showed that blood vessels which were treated with White 
Kwao Krua crude extract at every treatment from experiment 1 resulted in highly 
  
significant differences in vascular relaxation compared with untreated blood vessels. 
The blood vessels of white rats that were treated with acetylcholine together with 
White Kwao Krua crude extract at the concentration of zinc 200 mg/L gave the 
highest relaxation. They had the smallest area under the curve (AUC) of vascular 
contraction (51.0%). Therefore, the White Kwao Krua crude extract showed vascular 
relaxation in white rats, and spraying zinc onto the White Kwao Krua can increase 
puerarin in tuberous roots. 
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4 (Hypertension). 
	
. [h]. h.3ก: http://www.pharmacy.msu.ac.th/ 
learning/ therapy/index.html 
+  .	.. (2546). 	
	$zO. O+~33
#2!ก3	(	 ก
ก.ก ก	.4~กO+r. O+ก+ Daidzein O+ Genistein 
ก?. 5<35=>8@5DD2H;YEFG5. 5<33<663H.  
 4 
3  
	%, (2547). 677ก=9 (phyoestrogen). z	/z/	
 )+z/-
% 3|$ก)	
. ก$
. 
.  กf&). (2539). HU=4M. ก$
: 6ก	3|$ก)	
.  
ก	  O$y3. (2549). [2UE 2224. [h]. h.3ก 
http://www.tttonline.net/health_show.php?type_id=300 
z  +ก&. (2542). ก?O+h3.  F\<8  593=59 1

F
. EF>5ก. ก@
9HR9ก@
7O@I 2542: z/กy?#ก
"#$$. ก$
: z/กO!$+
%h
.  25-41. 
)  .	g%  )*	  3
+  3  $%(!  r(  
3	( O+ Niel, S. 
(2546). ก?/!$ก$.3r human neuroblastoma.  
กกก31=5732Mก=^HU=.  6ก$
)+กก	3O!$/	. 
$
. (2474). O3ก. /$!: $		$%.  

  	h'. (2546). ก:Bก;กE56RHU=M3@
<:U<3@I 2546. )+
z/% 	
	.. 
Frank, A.A., Custer, L.J., Cerna, C.M. and Narala, K.K. (1994). Quantization of phytoestrogen in 
legume by HPLC. J. Agri. Food  Chem. 42 : 1905-1913. 
Ingham, J.L., Tahara, S. and Dziedzic, S.Z. (1986). A chemical investigation of Pueraria mirifica 
root. Z. Natureforsch. 41: 403-408. 
Ingham, J.L., Tahara, S. and Dziedzic, S.Z. (1989). Minor isoflavone from root of Pueraria 
mirifica.  Z. Natureforsch. 44: 742-762. 
John, I.B., Daniel, E.K. and Ashok, K.S. (2004). Effects of Purified Puerarin on Voluntary 
Alcohol Intake and Alcohol Withdrawal Symptoms in P Rats Receiving Free Access 
to Water and Alcohol. Journal of Medicinal Food.  7(2): 180-186. 
Bos, M.A., Vennat, B., Meunier, M.T., Pourrat, A. and Fialip, J. (1996). Procyanidins from 
tormentil: antioxidant properties towards lipo-peroxidation and anti-elastase activity. 
Biol. Pharm. Bull. 19: 146148. 
Guo, Q., Zhao, B., Shen, S., Huo, J. and Xin, W. (1999). ESR study on the structureantioxidant 
activity relationship of tea catechins and their epimers. Biochem. Biophys. Acta. 
1427: 13-23. 
 5 
Meng, D.S. and Wang, S.L. (2001). Antitumor effect of quercetin. Chin. Tradit. Herb. Drugs. 
32: 186188. 
Terao, J., Piskula, M. and Yao, Q. (1994). Protective effect of epicatechin, epicatechin gallate, 
and quercetin on lipid peroxidation in phospholipid bilayers. Arch. Biochem. 
Biophys. 308: 278284 
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E<<C 2 
@5<:8Fก1
573<CกC3M 
 
2.1  9Cก 
ก?
#'3กก~33 .	3ก!  Butca superba Roxb. p"#$
 ?/
#3.'!$%s# (Leguminosae) 3ก+
#$j .%.2496 Suvatabandhu O+ Airy Shaw 
! ก? ?/
#'!ก Pueraria 3.'!$%s# (Leguminosae) /!.ก 3"$
h.ก6./?#	
%  [Pueraria  mirifica Airy Shaw et. Suvatabandhu] (Kashemsanta et. 
al., 1952) ! /	 	 (2538) h./?#	
%$ก?!  
[Pueraria  candollei Grah. var. mirifica (Airy Shaw et. Suvatabandhu) Niyomdham] ?#$3ก
ก&)+ก$ก Pueraria candollei Grah. ?
#ก! ?' ?? p"#$3.'!
$% Leguminosae $% Papilionoideae  +/((	?/ .%.2518 h.ก6.
ก? ?/$O+/?#	
%! [Pueraria  candollei  Grah. ex. Benth. var. 
mirifica (Airy Shaw et. Suvat) Niyomdh.] O!/?#
$s	#$?//	.O!+
#กOก!$ก
/! ก? 3? ก? 
$? 3
$ ก ? 3
$  
 (y	  y/, 2540) 
 
2.2  ก;F
<=kก;:8<CU@ก (/	  	, 2538) 
2.2.1   (z
# 2.1) 
 ?ก+ (tuberous roots)  ก&)+!$ก .(!O+
.  w !?#$ก !
#ก2!%'ก$$O! 10-70 p	 ?ก
ก&)+Or$ 	).ก6!3s"$6 $?ก+) 2-4 
		 ?z!O+$r $j  
 
2.2.2  OM (z
# 2.2)  
6 s"".ก+กh(!? 3s"$ 5  sก
OกO$กh3กก	#$ก s
#Oก!3+6!3s"$6 .!O+ก	#$!
 O+ w ก  
 7 
2.2.3   E (z
# 2.3)   
 +กOก ก"#$! 3  $ ก+ก 
10-28 p	 ' 'h! ? 	#$?#$ !.ก$ .!$
+  !ก$ 'h! ก$ 9-15 p	  15-30 p	 
s"$O s"$ O$$+ 5-7   
 
2.2.4  92ก (z
# 2.4)   
ก&)+ /!.# O+/!O$ กก	#$  20-30 p	 ก/!
.ก w .ก'.กs#. 4-7 p	 ก$.ก/?#	.ก '+{$ 
ก.ก 5 ก ก&)+ก$O2!ก$ ก$O กก+
$O  4-5 
!$
ก$.ก ก.ก6$	! .กก ก+3ก++2. ก+3ก+ 3-5 .ก  
 
2.2.5  lSก 1
[2 (z
# 2.5 O+ 2.6)   
4~กก&)+O' 4~กO!rก.!/. 2	 w +s"$
ก$ ก$+) 7 		 +) 3 p	  3-4 r.!4~ก r.!$ก 
2!%'ก$+) 3 		  
 
 
 
R=<C 2.1   (ก+) $ก? 
 
  s!3กO$
.$ 	

 
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R=<C 2.2 $ก? 
 
 
 
R=<C 2.3 $ก? 
 
  z
# 2.2 O+ 2.3 s!3กO$
.$ 	

 
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R=<C 2.4 /!.ก$ก? 
 
 
 
R=<C 2.5 4~ก$ก? 
 
 
 
R=<C 2.6 r.$ก? 
  z
# 2.4, 2.5 O+ 2.6 s!3กO$
.$ 	

 
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2.3  ก75D5E6ก  
2.3.1  ก75D5E6OM T  
 3กก%"ก&ก3	(	$ก?O$
.$$+  .-
	. (2546) ! ?sก3	(	rก O+/!$.?กzp"#$ /!$
#
)z'	'$" 
6ก	.กก+กOก?sO+! ก3ก /	
 $3 O+

 	+		 (2530) $!zO$O$ 6 )z'	ก$+) 30-
37 $%pp 6$ก?3+?.!$.r .+/!$
.?s"$.?f&z !/!$
#4ก	.!กO+)z'	#6ก! 37 $%pp 
63+/+$กก3	(	.'$?
$ O!3+ก	#.$O+ก
!$.r ก3	(/!$Oก3+#6 O!?#$'!/!$ 10-30 p	 3+
ก3	(	!$.r  
 
2.3.2  ก75D5E6E 
 3กก%"ก&ก3	(	$ก?.j$ )ก&) 3
$	 
O+
 	+		 (2530) ! $ก?3+3	(r
#+!$.?f&zs"$
.?ก 3ก3+	#.!$.? O+
	$..? /!$
.?s"$.?&3+	#Oก! p"#$/!$.$ก!/?
#6 
	)64 +  .	. (2546) h.	+!+!$/?

กก2.!ก ./?
#63+
6ก	.ก!$$'$ 
h.!/?
 ~33
#6(กก+ก.!$$  
 
2.3.3  กก2ก1
ก52lSก 
 + .	. (2546) ! ก?
#'กO$
.$3+กก
.กrก!ก?/	+) 2 .? ?#$3กh.6O+!$$ 
.ก?
#'กO$
.$3+	#ก.ก.?f%3	ก !ก?
/	3+	#ก.ก.?กz p"#$/!$.$ก! /!$
#ก$ 
6
2!กก.ก$ก?p"#$ ?/ 
	 3
/ (2547) ! ก- 
?ก.ก.?f%3	กs"$.?กO+	#	.4~ก.?กz 3ก
y3s"$4~กOก!.?& ก3ก$! ก?
#' 12-24-12  
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35 ก	ก!h!!กOp 10 ppm O+ NAA 100 ppm /!.ก 
364~ก!/!.ก 36r.!4~ก O+6ก 100 r. ก
#.  
  
 2.3.4  กก[2 
/	
 $3 O+
 	+		 (2530) $! 'Oก$ก$r.
ก? O hypogeal germination . cotyledon ก hypocotyl '!.	 !
#2!
.	ก? epicotyl ก plumule 3ก3"$3	(	 3	$ p"#$Oกก 2  
ก! primary leaf  s. +ก 3 ! ก! trifoliate leaf +กกO 
palmately ก3.$$ O spiral O+3กก%"ก&prก$ก$r.
ก??
.$$ก!$fก&/ก	
 (2544) ! 	ก+.O/!
r.6 15 /#$ O6h
#)z'	 55 $%pp   30 
 3ก6h
+ก++	ก. 15x20 p	 
#3sOก2
 ! 2:1 
6
ก?prก$ก'$
#. 
 
2.3.5  ก
ODก
ก 
 + .	. (2546) ! ก?
#ก"3ก 4, 8, 12 O+ 16 
.? 6. 	) daidzein O+ genistein 	#ก"$ก?
#
	#" .ก?
# 16 .? 	)$
$ 2 /	.'$
#. ก3ก 
z/ 
3	( O+)+ (2549) ! ก?
#ก"3+22	'$" O+
กf
	g
#6(	#"./!ก 
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  2.7  ก")*
+&ก,-*(ก	 ./(0. "('%	  
  3ก  & 1%	% (2544) 
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2.4  5:5<3ก 
ก? ?/+s	#$h
 ก5(3)z?
#3$.
/$!O+6$
#'$ 300-800  3ก+.6
+ (/	 	, 2538) 
ก3กก$)	ก UPDATE (2542) ก!! ก?h.
#h
$
#
O+
#'$z' O!
#ก!+กO2s$hs?
#?#
6กก& 3"$
6
ก?
#ก!	)/	$O+z' . /	
 (2542) $
! ก?3	(	'!
#h5h2!./!ก r(z 
3	( (2548) $! 
ก?/	 9 O!$ ? /$! ก6O$/   ก(3 O!$/ 
( + /) +3 /$  3 O+/') () 
 
2.5  =HFกO3U<3 
 y+62''$/h.
$(	$O+/ 
6!$กก+/!ก+/ 
6
2	$#!ก!$"$6  /!	ก ก+  ก+

h 1-2 .? 3+
6"$(!" /!2
#$กก.6" 	#	)2  Oก
$ ก+3ก 
636. 
6$ O+/!ก?#hก.		
!$O! ($
, 2474)  ก3ก ก?$/!6$	 .ก$

#ก	.3ก.?. 
6กh$?.. O+/!+

/	! (3  
	%, 2547)  
 
2.6  @
กE<<C=Eก 
ก?+ก
$
#6(p"#$O!$ก ก! ? ก! 
flavonoids   ก! coumarins   ก! chromene  O+ก! steroids    (3  
	%, 2547) 
 
2.6.1  กH flavonoids h.Oก! 
 isoflavones /! genistein, daidzein, kwakhurin O+ kwakhurin hydrate   O+ 
isoflavone glycosides h.Oก! daidzin, genistin, puerarin O+ mirificin   (z
# 2.8 O+ 2.9) 
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genistein : R1 = H, R2 = OH 
daidzein : R1 = H, R2 = H 
puerarin : R1 = -glucose, R2 = H 
mirificin : R1 = -glucose-apiose, R2 = H 
 
R=<C 2.8  ก! isoflavones 
 
  3ก 3  
% (2547) 
 
 
 
 
 
R=<C 2.9  $$$ puerarin 
 
  3ก  http://www. www.wilshiretechnologies.com/.../puerarin.gif 
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2.6.2  กH coumarins  
 h.Oก! coumestrol (z
# 2.10), mirificoumestan, mirificoumestan glycol O+ 
mirificoumestan hydrate (z
# 2.11) 
 
 
R=<C 2.10  $$$ coumestrol 
 
  3ก  3  
% (2547) 
 
 
 
R=<C 2.11 $$$ mirificoumestan 
 
  3ก  3  
% (2547) 
 
2.6.3  กH chromene  
 h.Oก! miroestrol (z
# 2.12) p"#$ 
#$!f
	g3 
	) 0.002-0.003 pr$6กO$ 
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R=<C 2.12  $$$ miroestrol 
 
  3ก  3  
% (2547) 
 
2.6.4  กH steroids  
h.Oก! β-sitosterol (z
# 2.13) O+ stigmasterol (z
# 2.14) 
 
 
 
R=<C 2.13  $$$ β-sitosterol 
 
  3ก  http:// www.genome.ad.jpFigcompoundC01753.gif 
 
 
R=<C 2.14  $$$ stigmasterol 
 
  3ก  http:// www.genome.ad.jpFigcompoundC05442.gif 
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2.6.5  Co  
 h.Oก! alkane alcohols, h O+ 6   
 
2.7  k<>5q<R95<3ก 
$	3!(!h
#ก%"ก&f
	g
#กf
	g$3 O+2
ก
.$ก?
$. ก%"ก&
.$ p"#$ก%"ก&&ก $	3
/!$Oก w !$h
#ก%"ก&f
	g$ miroestrol ! 
.$f
	g+) 2  3 
$ stilbestrol ?#
.$'s3ก
#$h!r
#ก	h O+f
	g+)        
70 pr$ 17β-estradiol ?#.2	$$' O!?#.	.ก
ก's3ก !f
	g  2.2 
!$ estrone  ก
.$ก
#+36.?h!
ก	 10  .. 1 O+ 5 		ก + 6 $ !O.$f
	g  
3 (estrogen) !$O$ .O.$2 2-3 .$3ก	# (3  

	%, 2547) 2?# w $ก?h.Oก! กก+

#h.2$ก?2 
5 pr O+ 10 pr$6ก 3+
6กก+
ก	.ก 4j$
!$ก ( /!/' O+)+, 2527) '
#h.2$ก?	) 300 		ก!
ก	ก6ก  14  
6ก	.กก$pO+?.#$.?.
.6 O+$
6/ cortex $!กh" (z) $&.6 O+)+, 2530) ก3ก
$! กก.ก?Oก!'s3ก	)'$ 3+
6's3กก	.ก
/กก+กO+$3กก. 2-3 
 (
 	+		 O+ O$3	, 2530) 
ก3ก$$2$ก?!+!$ w $
.$ /! 2!
+?. p"#$ ')  z/ O+	
 3%/ (2528) ! กก?Oก!          
กก+
	)'$ 
6+.Op?.$ก+
	#" กก%"ก&$
) )* (2532) 
#! ก.3กก?
6	) 
(cholesterol) ?.$'
.$	#" O+
636r.?./	. neutrophil .$ 
. $	3
 (2527) $! ?#ก?Oก!'%2' 3+
6.O+6ก
$!กh$'	#" ก3ก 
 (++z O+/  //3	( 
(2530) $! 6(ก?f
	g?3 2/ก6	. .
$ก4~$$! ก$3	 ก#$6 O+กกh!$
.$ 
 
	+		 O+	 %ก. (2538) ! ?#2$ก? 100 		ก!Oก!'

.$
#$
$++Oก .	.! 7  
6'
.$ก	.กO
$h. 100 pr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O+?#'
.$ก	2$ก?	.!ก  14  ก	.ก$ก3	($!
6  	
 3	s O+)+ (2546ก) ! 	.
#h.ก? 200 ppm 
++ 60  
6$h!กy'$ +.3'$ O+/!ก3	(	.  
ก3ก 	
 3	s O+)+ (2546) $! ก	ก?
	 1 - 3 pr 3+
6	%กy$$h!	#"   
 
2.8  k<>5q<R95<3 puerarin 
Puerarin ก+$ก? ก! isoflavonoid 
#  glycoside 
$ daidzein 'ก?  C21H20O9  6กก
!ก  432.38 $$
$
+ก.$Oก 3 $ O+'!~$ก/p"#$ ก'ก+'! 1 ก /$+
$ puerarin ก	." phenylpropanoid pathway (z2ก
# 1) 3กก%"ก&f
	g$ 
puerarin ก'
.$ ! '
.$กs!~+กh.. p"#$s/!.ก
ก	.ก#ก
!~+.h. (Yasuda et al., 1995) O+3กก%"ก&$ Chen et al., 
(2004) ! puerarin s/!.ก.6?.$'
.$h. .3+/!
ก+ก plasma beta-endorphin-like immunoreactivity (BER)  streptozotocin-induced 
diabetic rats (STZ-diabetic rats) $'
.$   John  et al. (2004)    h.%"ก&O+! puerarin  
f
	g/!.ก	&?$ (alcoholism) h. ก3ก$ก%"ก&f
	g$ puerarin 

$z/	

#s/!.ก5.!$ w /! f
	gกO+	#ก
h$?..?. coronary artery  /!.z+?...?.O.$ 
/!..z.?. )	 '	+ (antioxidant) ก!
กก	.+r$   (John et al., 2004) 
 
2.9 7H>H1
2H=9 
3 	#$
#36 !ก3	(	$?/s"$O!?/3+$ก
	)$rกกr O!ก?/.3! กr3!$2ก3	(	
2	.ก	h. (z	/0	
, 2535) .$3?/ ~33
#6(ก 
O+h.กก!.$กO+$ +/!$
#+
$+.3O!+Oก!$กO+$ก 	
	
!+!$ก $ O+3 ?+!$3.ก
$ h.3!$ก$$3กก	/ก +$ก?ก'+/p"#$กO+ก 
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(synergism) O+$กr.$?$ +/!?/ (antagonism) O!!(!
Of	ก.$?$ +/!?/ .'?3+กก!f	กก?ก'
+/p"#$กO+ก ($
  sz, 2543) 
2.9.1  M<C7H>Hก75D5E6=9 

#36 !ก3	(	$?/ (essential elements)  16  
#?//
	)
#ก 7  p"#$ก! 3 (micronutrient ? micronutrient element 
? minor element) $
 sz (2543) h.ก!s"$
#$3!ก
3	(	$?/ .$  
 1) rก (Fe)   $+กO+/!ก$+ /!
ก.'.?# w  /!ก$+
#'!  O+ $+ก
$ cytrochrome   mitochondria  
 2) O$ก (Mn) ?#'!!ก rก3+  oxidation-
reduction potential /!ก$+O$ O+ ก+ (activator) $rhp
/	. /! phosphoglucomutase, choline esterase O+ beta-ketodecarboxylase     
 3) 
$O.$ (Cu) 
#
$ก$ O+/!
$กก
6
#3ก	."h. 
6?/"  ก+ (activator) $
rhp/	. /! ascorbic acid oxidase, lactase O+ tyrosinase O+ !$x	ก		 
(catalyst) กp	./ (oxidation) ?/     
 4)  (B) /!
6?//Op!$+	
	z O+/!?/
/O
ph.ก"  
 5) 	. (Mo) /!ก"$h3 O+36 !ก+ก$
O+rhp$/	.?/    
 6)  (Cl) 6(!ก$+O$O+
6?/Oก!r"   
 7) $ก+ (Zn) 
# ก#$กก$
# ก#$กก
3	(	$?/ /! กp	 O+


$ก$ 
$ 
ก+ (activator) $rhp/	. /! carbonic anhydrase, alcohol dehydrogenase 
O+ peptidase   
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2.9.2 @5Fก
<C=9Mก 
$$ก+
#Oก!$?/ ($
# 2.1) /!$
#ก3	(	
!$+
#.? 25-150 ppm (z	/0	
, 2535) +.$$ก+
#
$!ก3	(	$s#	$++ก4~ก? 20-75 ppm (Mortvedt et al., 1972) O+
$$ก+
#+6$ก$s#?$? 5-50 ppm 
(Buckman and Brady, 1969) 
 
<C 2.1  .+)$3?/
# w h
#Oก!r
# 
?/r
# (ppm) 
3 $ .O กก	h? 	& 
Fe 50 - 250 <50 h!$ 
Mn 20 - 500 <20 >500 
3 $ .O กก	h? 	& 
Cu 5 - 20 <4 >20 
Zn 25 - 150 <20 >400 
B 20 - 100 <15 >200 
Mo 0.5  9 <0.1 h!$ 
Cl h!$ h!$ h!$ 
 3ก z	/0	
 )+ก& 	
ก&% (2535)  
 
2.9.3 E<E<M<C>Hก
=9 ($
 sz, 2543; 	
 
ก&%, 2535; Vitosh et al., 1997 O+ George and Michael, 2002) 
 1)  E<E<กC3กE[Ur8 
  rhp/	.$ก+ $+ก'!$$ (zinc-enzyme) 
$ก+
#rhp .$   
1.1) /!ก!$x	ก		 (catalytic functions) . !$ catalytic site 
$rhp	กOh. (carbonic anhydrase) O+rhpกpr
	. 
(carboxypeptidese)  
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1.2) 6(/	$$$ (structural function) +$$ก+
$$
6+.	 ก'! S $p
 (cystein) 36#'! ก	.$$	-
z'	
#sก /! rhpOก.h.3 (alcohol dehydrogenase)   
1.3) ก+ก$+O$+x	ก		?. (dark reaction)  
ก.	ph.กhp.h 6 ?/
#/ก+กOp 
(C3- photosynthetic pathway) rhp	กOh./!	#	)$
h.กhp.
#+h.hp
pO+ก 6x	ก		?.p
$?/ก
#/	sก$+O$Op# (C4-photosynthetic pathway) Oก
#
6(กr?x	ก		h./$h.กhp.h. HCO-3 	)ก6ก
$+ก.	ก (malic acid) ?ก.O
	ก (aspatic acid) .$ rhp	ก
Oh. 3"$

6(ก+ก. (Hatch and Burnell, 1990) 
1.4) $ก+

!กO
pกก..$ก
 ?#?/.$ก+p (guard cells) 3+h!!$O+ก. 


#
6ก. 
?  $+กrhp	กOh. p"# $ ! $x	ก		h./$
h.กhp.  HCO-3 O++p
# +!"#$ 
1.5) /!?#p$p$$
#Or$O$O+#$$ 
6
ก6O
ph+p.6	hh.ก	 ก3ก  $/!
O
pzph!#hกh$p$$ 3"$%กp	$
#3+ก	.
!$O+.ก 6?/
#.$ก+3+กpก (efflux) $O
p3ก
p ก. (Sharma et  al., 1995)  
1.6) $ก+/!ก+ก
6$$rhp fructose-1,6-bisphosphatase 

#/ก!$x	ก		 fructose-1,6-bisphosphate h  fructose-6-phosphate 
#/
ก+ก$+p'O+O$  2	)$p'O+O$.$  ($
  
sz, 2543) ก$+ phophoenolpyruvic acid (PEP) 3กก+กhกhp	.
$ O+!$2ก+
s"$
	p" shikimic acid pathway .. phenylalanine p"#$ 
$$ก$ก! flavonols, flavones O+ isoflavones  (Niranjan and Gurdev, 1995) 
1.7) $ก+/!ก+ก
6$$rhp aldolase p"#$!$x	ก		Oก 
fructose-1,6-bisphosphate  +ก
# 3 + 36 2 /	. 
#


ก+กhกhp	 ($
  sz, 2543) p"# $/! 	#ก$ + 
phosphoenolpyruvic acid (PEP) 
# $$ก2	ก! isoflavones ก?/.
 22 
$ก+p"#$.$h. 
6ก$+ก.+	
# $$ secondary 
metabolites /! tryptophan  tyrosine  O+ phynylalanine $ (Niranjan and Gurdev, 1995)   
1.8) ก.$ก+
6ก$+.#6$.
6
ก	.กก$O+ก+$ก.+	O+h.กก!ก	 O+$
6ก	3ก$
rhp	กOh. (carbonic anhydrase) .$ก O+$2
6ก	3ก$
rhp
#ก#$ก
	p"$h.ก$/	..$. ? rhp aldolase 
O+rhp fructose-1,6-bisphosphate 
 
 2) E<E<ก
86@ 
 ก.$ก+3+
6ก$+$?/.$
?#$3ก 
2.1) $ก+ $+ก6($rhp RNA polymerase 
ก!? rhp"#$ก$$ก+ 2 + ?#."$กh ก	3ก$rhp3+
.$ 
2.2) $ก+/!hp.6$$$
#.hh. ribosomal RNA 
p$'กก	3+	)$ก+ 650-1280 hก RNA 1 ก O!s	)
$ก+$ 300-380 hก RNA 1 ก hp3+Oก (disintegrate)  O!3+
กก!?#h.$ (Prask and Plocks, 1971) 
2.3) ?/
#.$ก+ RNA 3+rก!ก	 ?#$3กก	3ก$
rhp ribonuclease (RNase) 3+'$" ?#	#$ก+?/!$$ ก	3ก$ 
ribonuclease 3+.$ )+.ก	)?/กr'$"  ก.$ก+2!
rhp.r ?#$3กก	3ก$rhp.$ก!.$ ก!
#3+ก.
กxr (Johnson and Simons, 1979) 
 
2.10  5<>5=7H>HกM isoflavones 
Kozlovskii  et al. (2000) ! ก$ก+ก Penicillium citrinum sก+
ก	.ก$ citrinin p"#$ ก! isoflavones 	#"h.  +  .	. (2546) 
! ก.!+
$O.$2
6	) daidzein O+ genistein Oก!$ก
!$6(
$s		 .ก.!.+
$O.$ 300 ppm 
6
	) daidzein O+ genistein !#'$
#. O+
#! ' (forms) $
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+ก
$O.$
#!$ก? CuCl2, CuSO4 O+ CuEDTA h!2
6	)$ 
daidzein O+ genistein Oก!$ก 
	  3
/ (2547) ! ก.!ก?. 
CuCl2 1,000 ppm, MnCl2 1,000 ppm O+ FeCl2  1,000 ppm 
6	) coumestrol 
ก?	#ก"!$6(	#$
$s		  CuCl2 1,000 ppm 	) coumestrol  
ก
#. Hakamatsuka (1991) $! ก CuCl2 10 mM  ก6s# Kudzu (Pueraria 
lobata) 
## /	 w  2 /#$ 
6	)$ daidzein,  genistein O+ coumestrol 
	#" 5-10 
!  Andrew et al. (1994) $! ก3 /! CuCl2, MnCl2 O+ FeCl2 Oก!
s# (Medicago  sativa L.) 
6ก$ก! isoflavones 	#ก" 
 
2.11  E<E<กHR= 
2.11.1  2654 (hypertension) 
ก	 O$y3 (2549) ก!! .	'$ "#$$ก
/	 O+ ~(ก
#.$+
%h
 .	'$ 1  
ก w  5  
	#$ก" O+/?6กก" 	#$ก .?.'$ก"  /
.	'$O!$+
%h
 (2549)  $! .	'$(	$ (+ 5.6) 
กก!/ (+ 5.2) rก zก$ ?
#
#2'5ก
#. +) 3 
!$z
?# w 2'
#%'!
%3+ .	'$ กก!2'
#%ก
%
!$/.3 O+ /!.ก
กz.
#%/
%3+ก .
	'$กก!ก
%+) 3.5 
! O+%(	$
!ก 2.8 
! 
#! !$? 
3กก!!$
#63.	'$ 1,606  (p"#$ก
#+	.	
'$) $+ 10.2 
!
#
!$ .	'$ O++ 71.3 $2'
#

!z+h.กก& ก
# .	'$ w .h!h.กก&3+

6ก	.O
กpก#ก.?.O.$ /! 
#ก#ก+!$ w .$!h 
1) 3   3+2!3 2 
$ ?
63 O+.?.3O+
Or$" 
6ก	.ก3rก3ก3.?. ?3 
6ก?#
 h!h. ?32	.ก	 
6ก3# 
2) $    $ fก& ก3+ก	.3ก.?.rก w .
.กr.?. ?ก	.3ก.?.$Oก 
6?.ก?$ 
3) h    +
#.?.ก
#.!$ก 
6
#ก$$ก3ก
?. .	'$กr2!.?.
#h/!.ก.?.3 .
6?.h
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$hh!$ 2h?#sz3s"$h 2'53+ก	#Oก$z+
h ?~+!ก$?  ก ก3+ก!h!!
O$ p"#$ก2'5h O+?#h3 O+p"$2'5h++
 w 
4)    ?.ก
#3 .?.rก w 
#3. ?
63.ก
กh. 2'53h!ก. w ?3s"$.h. O+ก!ก
.	'$ 
6ก	.2O
กp
$h.r 
5) .?.  
6ก	.ก#O$$.?.
#!$ก 
6.
?.O ?5$$ 2
6?.h$	)O O++z.$ 2'5
.	h!h.hก+.3กก.?. p"#$$#$ก3"$3+O+.	!h.         
 
2.11.2  5>กก;4M@s362654 
1) กก&.h!/ .$#O$	sก.6	/	 ?#.~33
#$!กก	.3O+.?. /! ก.+z
h ?ก+


# /! 2ก s# O+2hก" ก$.'# O+?#$.?#Oก ()+z/
% O+	
%z, 2549)   
2) กก&. p"#$ก! O!+/	.กกf
	g
#Oก!$กกh 
f
	g$.. !"#$ก	.3กก
6ก	.ก$2$.?. ?#	#
?
#กh$?. 
6.ก$?.$3.  2?.s
hh.+.กก"  
 
2.12  Portal vein  1
กU32 
Portal vein  ?.?..6
#6$?.3ก splanchnic circulation 3ก/!$
$h'!
 (z
# 2.13)  ?.
#กh$?. O+O$.$?.'$ (Mac, 1992) 
กh$?.
!6$"'!ก~33!$ /! O$..?. 
ก#O$$ ก.O+.!$
$zกO+z
!6$ (intracellular pH : 
pHi, extracellular pH : pH0) ก#O$ pHi O+ pH0 
6
!6$ก	.ก.$
ก? (smooth muscle) ก#O$ pHi  $ portal vein ' ?#!	#"3+

6ก6$?.z	#" .
6ก	.ก.O$ก+h
6
!6$
.ก.$ (Smith et al., 2002; Taggart et al., 1994) 
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R=<C 2.13  6O!$$?. portal vein (hepatic portal) 
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 3ก webanatomy.net/anatomy/portal_system.jpg 
 
2.13  441< (Rattus norvegicus) (6ก
.$O!$/	, 2550) 
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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+#6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$
$ 'ก.ก 3$
h.$! O+ 
#	6/
.$!$O!  
#f	ก'!กh.h!
ก!'
6!$ก O!$2'?O!$ก 
2.14.2  M4<5<34 
 ++ก . 4- 5   /!$ . 13-15 /#$ ++$
$ 20-22  
36'ก!ก 8-12  ?#! 19-21  6ก?#! (2'O+) 45-
70 ก 6ก?#r2' 300-350 ก  200-250 ก ?#2 
(2'O+) 8-10 . ? 3-4 j  
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2.14.3  ก?38<2 
 6' Wistar rat % $h$$
.$
$$6ก
.$O!$/	 (2550) .$  
.ก)
#/$$ : .$?
#O+!'$
#h!$$ก$!
$ก.. O+.ก' ก$
#.rก !'$ก	ก!
#'3+?h. O+
?ก$h!+  
#$ก..Oก!'h.
$	 .ก)
#+6
$'.$ 
1)  ก  
  <C 2.2 ก$
#+6$' 
/	.ก$ . 36'!ก$ ก&)+' 
ก$O(! 12 x 11 x 7.5 2 
O!'2O+$

$ 0-1 . 
ก$Orก 10 x 7 x 10 1 
O!'$
$ 1-2 O+ 
2-3 . 
ก$'	(! 14 x 29 x 6 5-10 
'ก
$, '
2 
ก$O(! 14 x 29 x 6 5-10 ' 3-8 . 
ก$Orก 10 x 17.5 x 7 1-14 O!'ก 
 
2)  2H  
 /ก .3ก$h p"#$	/ .$ก
#ก ?#$3กp"p6
h..O+h!! ก3กh?! s3กh?Or$ก# Or$O+O 
O+$ !h. .$ /! ก Oก O+ก+.& 
3)    
 '$ก+) 20-30 ก!!  .r.  
	yก3ก5 .!h6hก5 2'ก!?#$.r.
?~ กh..
#$ก r.h!Or$ก	h 
4)  ?O  
 '$ก6+) 20-35 			! 6.?#'$ 6+.
%3ก/? Psudomonas  aeroginosa . 6ก$2
# 12 ppm 
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
2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6 O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$$'? 60-90 
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 s/?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
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6' $ 
7)  กT3<ก:   
 ?#s!
ก%!O
ก%ก!  กs!กp	3O

h.กhp.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6h..ก	.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O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8)  1 
 O$6(!$3ก . '$กO$ 350-400 กp 
h!ก! 10 /#$ O!
#	/?!$ 12 /#$?. O+ 12 /#$!$ 
9)  3   
 .! .p	 s#. 	p $ 
#ก	.กh. ก3 . 
h!? f	ก#h h!$'ก ก	'$h. 50 .p	  
 
' Wistar O+ Spague Dawley 	6h%"ก&O+	3.!$ w /! 
.z/ก (nutrition) h.Oก! ก%"ก&+/O+
&$z/+!$ w    .
		
 (pathology) h.Oก! ก%"ก&.กก	.?$ก   .z/	
 
(pharmacology) h.Oก! ก
..z$/	.!$ w (drug testing) 
.
.z$p (vaccine testing) ก
. 	& (toxicology)   .	
 
(physiology) h.Oก! ก%"ก&
$.	
ก? 	
ก!h
! +h
?.   O+.f	ก% (behavioral study)   
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O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. 21(1): 12-18. 
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 UPDATE ก..-..: 47-51. 
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z. (2549). 6265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	
. [h]. h.3ก: http://www.pharmacy.msu.ac.th/ 
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. (2549). 62654. [h].h.3ก: http:// 
www. atrazeneca.co.th/thai/patient3.html 
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13: 138-141.  
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  (++z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.	.. (2546). 	
	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 O+~33
#2!ก3	(	 ก
ก.ก ก	.4~กO+r. O+ก+ Daidzein O+ Genistein 
ก?. 5<35=>8@5DD2H;YEFG5. 5<33<663H. 
+  .	.. (2544). 	#$O.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C 3 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# 18-19 
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
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	  3
/. (2547). กก.ก ก	.4~กO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 3 
ก
ก
 puerarin ก
ก   
[Pueraria  candollei Grah. var. mirifica (Airy Shaw et. Suvatabandhu)  
Niyomdham] 
 
E<23 
 
Puerarin ก+$ก? [Pueraria  candollei Grah. var. mirifica 
(Airy Shaw et. Suvatabandhu) Niyomdham] f
	gก$.?. .กก	.

#ก#ก.	'$h. s+$$ก
.$?#%"ก&2$$ก+!ก+ 
puerarin ก+$ก? 
6ก
.$+!$.? 2549 s"$.?
 2549 
#	

 $O2ก
.$O!')z
rก (RCBD) 4 p6 36 5 

 ? 


# 1 ก! (.!.6ก#) 



# 2 .!.$ก+ 50 		ก!	 


# 3 .!.$ก+
 100 		ก!	 


# 4 .!.$ก+ 200 		ก!
	 O+


# 5 .!.$ก+
# 300 		ก!	 2ก
.$! 
ก.!.$ก+
ก
6ก?.2!%'ก$ 6ก. 
6กO$ O+pr/?$ก+h!Oก!$ก
$s		 O!
6	) 
puerarin Oก!$ก!$6(
$s		 ก.!.$ก+
# 0 (.!.
6ก#), 50, 100, 200 O+ 300  		ก!	 	) puerarin 
!ก 87.7, 113.0, 129.0, 
194.3 O+ 146.3 hก!ก6กO$ 6. 3"$h.! ก.!.$ก+
#
 200 		ก!	
6ก?ก+ puerarin ก
#. 
 
3.1  E<O 
Puerarin ก+$ก?f
	gก$.?. /!	#
กh$?. .z+?.. O+/!..z.?. (John et 
al., 2004)  O+)	 '	+!กก	.+r$ /!.ก$
	&?$ /!กs!~+!$" ..ก.
!~+ 3ก
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ก%"ก&ก'
.$
# puerarin ! '
.$ก~+กh.. (Yasuda et 
al., 1995) Chen et al. (2004) ! puerarin s.ก.6?.$'
.$
h.  3กก%"ก&ก+ isoflavones ?/ ! 3 /! Zn, Cu, Mn O+ Fe 2!
	) isoflavones s# (Medicago sativa L.) (Andrew et al., 1994) Takashi et al. 
(1990) ! ก CuCl2 Oก!s# Kudzu (Pueraria montana var. labota) 
6	) daidzein, 
genistein O+ coumestrol 	#" 5 - 10 
! ?#
กก!  +  .	. 
(2546) ! ก.!+
$O.$กก? 
6	) daidzein O+ 
genistein ก?	)กก!ก!!$6(
$s		 O+
#
 300 ppm ก+ daidzein O+ genistein ก?ก
#. +ก

$O.$'$ CuCl2, CuSO4 O+ Cu-EDTA 
6ก+ daidzein O+ genistein h!
Oก!$ก
$s		  
	  3
/ (2547) ! ก.!ก?. CuCl2 1,000 
ppm, MnCl2 1,000 ppm O+ FeCl2  1,000 ppm 
6ก+ coumestrol กก!ก!
!$6(	#$
$s		 Kozlovskii  et al. (2000) ! ก$ก+ก Penicillium 
citrinum sก+ก$ citrinin p"#$ ก! isoflavones 	#"h.   
$ก+ 3
#6(!ก3	(	$?/ . !+ก$
rhpO+/!ก+ก
6$$rhp/	. /!ก+ก$ O+
 ~33! (cofactor) 
#/!ก+ก?#	rx	ก		/$?/ 
(Jones, 1991 and Jensen et al., 1972) p"#$/!ก$6(?/ .$ ก$ก+
กก?s	#)z$ก?.ก	#ก+ puerarin ก
+ p"#$3+s6h/+/ก2	 ก&!hh.  
 
3.2  5>2O5ก573 
3.2.1  T<C<Oก573 

6ก
.$
#	

 3$./ +!$.?
 2549 s"$  2549  .O+กr'
#$x		ก	
ก2	?/ 
%'?#$?	
%O+
 3 (F3) O+	+2
$
#$x		ก
	 +O++ก %' ?#$?	
%O+
  1 (F1) 
	

 
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3.2.2  ก3Mก 
/ก? 5 j  ก!
6ก
.$ 1 .? 
6ก.O!$ก	#$O$O+ก
/!.ก$ก?Oก (hard pruning) z.		).ก!
' 15-15-15  50 ก	ก!h! .!
#	)% 30 p	
O4~$ก 6.+	$ก 3 !$/!$/ ก63./?/.?#$.(
ก 2 
. 
 
3.2.3  1ก<2 1
ก=
3ก
 
 /O2ก
.$O!')zrก (randomized complete block design : 
RCBD) (z
# 3.1) 4 p6 w + 2  36 5 

 .$ 



# 1 (T1)  ก! (.!.6ก#)  



# 2 (T2)  .!.+ ZnSO4 
# Zn 50 		ก!	 



# 3 (T3)  .!.+ ZnSO4 
# Zn 100 		ก!	 



# 4 (T4)  .!.+ ZnSO4 
# Zn 200 		ก!	 



# 5 (T5)  .!.+ ZnSO4 
# Zn 300 		ก!	 
 
/$ก+' ZnSO4 (p	$p) + ZnSO4 6ก#
$$ก+
!ก 0, 50, 100, 200 O+ 300 		ก!	 .ก+6ก# 	
3 tween20 $+$ก+
ก! 0.1 			!
+ 1 	
ก 

?#	#+	
	zก.'.p" /?#$!O
+$3 3 	O/O$.ก% .!+ ZnSO4 
#$ก?
.jก
#
$ (run off) .!$Oก?#
# 1  2549 O+!!$ก 2 .
!$ 3s"$.?ก 2549 ก.!
$. 14 $ 
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      N 
 
 
 G  
 BLOCK I  BLOCK II  BLOCK III  BLOCK IV  
T4R1* T4R1  T3R2 T3R2  T5R3 T5R3  T1R4 T1R4 
           
T2 R1 T2 R1  T5 R2 T5 R2  T1 R3 T1 R3  T4 R4 T4 R4 
           
T3 R1 T3 R1  T2 R2 T2 R2  T4 R3 T4 R3  T5 R4 T5 R4 
           
T1 R1 T1 R1  T4 R2 T4 R2  T2 R3 T2 R3  T3 R4 T3 R4 
           
G 
T5 R1 T5 R1  T1 R2 T1 R2  T3 R3 T3 R3  T2 R4 T2 R4 
G 
 G  
 
R=<C 3.1  O22$O.$ก'กก? ) 	

 
 
  G O
 ก?
#'ก O$ก (guard row) 
T O
 

$ก
.$ 
R O
 p6$ก
.$ 
   *  1 p6  2 sub-sample  
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3.2.4  กก[E3ก
ก 
 กr!$ก+$ก?
$. 3 $ $Oกกr?#
# 1 
f&z 2549 ($ก.!+ ZnSO4 2 .?) $
# 2 กr?#
# 1 กก} 
2549 ($ก.!+ ZnSO4  4 .?)  O+$
# 3 กr?#
# 1 ก 2549 ($
ก.!+ ZnSO4   6 .?)  ./3O+.!$3ก+) 30-60 
p	 ?ก!$ก+$ก?
#.O+ก$ก
กp6
$ก
.$ .$กก&)+$ก+ p"#$ก+
#ก	."!3+
6! 3ก6h$6+.O+2"#$3O$ 
 
3.2.5  กก[EEM4 1
ก5
8M4 
 ..2!%'ก$$ก+$ก?./	-
 /#$6ก..?#$/#$
%	 4 6O!$ 3ก6h# /	$ w O+O$
'
#)z'	 65 $%pp /+) 72 /#$  /#$6ก$ก?-

#O$ O+!rO.?#$/#$
%	 4 6O!$ 6)pr/?
$ก+ 	+p (analysis of variance : ANOVA) $.
2!%'ก$ O+pr/?$ก+ .Oก	+'
$
s		 SPSS Vol. 13 O+
!#.	 Duncans new multiple range test (DMRT) 
 
3.2.6  กก2 puerarin 7กก
ก (Li et al., 2003) 
 6ก?
#O$O.+..?#$. (blender) O!2!
+Oก$
#'. 0.1 		 62$ก?
#!h.	) 10 ก $O!+
-

!$ flask . 125 			 	
 99 pr 	 100 			 $
O!+ flask  ก.
#)z'	$.?#$ ultrasonic processor .3!O
!$ก. (probe) .
2!%'ก$ 5 		$ flask .$ก! .ก6.?#$!ก 
Op (pulse) 3 	
!$ /กก.
$. 30 
 Oก$2!ก+.&ก$ 
Whatman  1 ./?#$ก$O((ก% (vacuum pump)  ~ #$ (centrifuge)  

#ก$h.
#r 4000 !
  12 
 Oก!ก 6ก$.ก+.&
ก$ Whatman  42 	ก.
#h.  100 			 .
 99 
pr 3กO!$ก.ก  2 ! !"#$6h3 puerarin . thin layer 
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chromatography (TLC)  ก!"#$6h3 puerarin O+	+	). high 
performance liquid chromatography (HPLC) 
 
 
 
3.' puerarin  plate O$ 
UV 
# 256 nm 
'ก	*+'5( *%&% 
Spot ก.ก?
O2!
กj2	$
#
?.p		ก3 

ก puerarin 0 
Heat 
#)z'	 110 0C  10 
Develop . n-butanol : acetic 
acid : 6 (5:3:1,v/v/v) 
+ MeOH ก z((ก% 
~ #$
# 4,000 rpm 12 
 Oก!ก ก$.ก+.&ก$ Whatman  42 
ก$!$2!h 
. 0.45 h 
.!$2!/	. C18 
!$+ 20 h	 
"' puerarin %5+( UV 
		 256 
 

ก puerarin 0 

	$O$
#)z'	$ 
TLC HPLC 
Sonicate ก? MeOH 99%   30 
 
ก$Oกกก.ก+.&ก$ Whatman  1 
#+. 
# 65 0C  3  .3 2$+. 
2$+. 
R=<C 3.2  O22$O.$ก3 puerarin 
. TLC ($3ก Dan et al., 2004) 
O+ ก	 +	 ) 
puerarin .	 HPLC ($3ก Li et 
al., 2003 O++  .	., 2546) 
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3.2.7  ก7 puerarin 2M3 TLC  (Dan et al., 2004) 
+
ก.3ก 3.2.6 ก.?#$+O((ก% (rotary 
vacuum evaporator) 3?	 5 			 spot ก.O2!กj
O2	$
#?.p		ก3. 10 x 10 p	 . spot 3.+ 2 h	 .h
 O+ spot  puerarin 0$O2!กjO2	$O2!.ก 3.
+ 2 h	 
	$O$
#)z'	$ $O2!กjO2	$
#O$O$ 3 
?#
# (mobile phase) 3 + +
# 1 +ก. n-butanol : acetic acid : 6 (5:3:1 
.	) +
# 2 +ก. chloroform : MeOH : water (65:25:4 .	
(Dominique et. al, 1998)) O++
# 3 +ก. chloroform : MeOH (20:1.	)  p"#$
'!sOก (tank) .	
 ?#r3กกj 6O2!กjก2"#$
O$
#)z'	$ 3 puerarin ก.ก? zO$h 
(ultraviolet: UV) 
#?# 256  
ก puerarin 0 .

6O!$$ puerarin ก.ก?ก puerarin 0 ?2ก3.
6O2! กjO2	$O2!.	
6 .$$?#$
6O2! (hot 
plate) )z'	 110 $%pp   10 
 
6O!$$ puerarin 3ก
ก.ก?ก puerarin 0  
O+	กก.O.$.$z
# 3.2 
 
3.2.8  ก@5F puerarin 2M3 HPLC (Li et al., 2003 O++  .	., 2546)  
  ก$ก.ก?
#h.3ก 3.2.6 .ก+.&ก$h (nylon 
filter membrane) . 0.45 h ./?#$ก$((ก% (vacuum filter pump) !
ก.ก?
#ก$O$. (vial) . 1.5 			 O.ก.ก?
. vial 	 20 h	!$!!$2!/	. hypersil ODS C18 
. 4.6 x 150 		 O+.2!%'ก$ 5 h $ HP ! 4100 
# diode 
array   detector  Oก puerarin ./?#
# (mobile phase) ? 0.1 pr (.
	) acetic acid 6 (A) O+ 0.1 pr (.	) acetic acid  acetonitrile (B) 
.
6  gradient ($
# 3.1) /ก?#
#$
!ก 1.7 			!
  
3 puerarin .O$h
#?# 256  )z'	$+
#/

!ก 35 $%pp 
6O!$$ puerarin ก.ก?ก 
puerarin 0 O6?
#ก$ puerarin 
#	+h.3กก.ก?
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6)	) .
กก0 (standard curve) $ puerarin 
0  2, 4, 6,¡.., 26, 28 O+ 30 		ก!	 p"#$	+z+ 
(conditions) .กz+
#/	+ก.ก?  
 O+	ก	)$ puerarin . HPLC O.$.$z
# 3.2 
 
<C 3.1  Gradient $ mobile phase (A) O+ (B) 
	$ mobile phase (%) 
 (
) 
(A) (B) 
0 90 10 
30 72 28 
45 72 28 
 
3.2.9  กก[EEM4@5F puerarin 1
ก5
8  
'?
#ก (peak area) $ puerarin 
#	+h.3กก.
ก?O!+

O+O!+p6 3กก?
#กr
$ 3 $ O+
'	) puerarin 
#6)h.3ก?
#ก 	+p (analysis of variance : 
ANOVA) $	) puerarin .Oก	+'
$s		 SPSS Vol. 13 O+

!#.	 Duncans new multiple range test (DMRT) 
 
3.3  ก5731
กR5@3 
3.3.1  ก5
82H>Hก
E?M (preliminary test) 
ก	+.$$ก+?$O$'กก?.	ก
	+.	 ! .		)O$'กก?ก&)+ .	! 6s"$
.6 .	/	. /! h.? ก	$ก? O+O$!$ w p"#$ก&)+.	/! .	
#
	
s'$ (z0	
, 2541) !.	
#ก3+ก.$ก+ /! .	
 .	
#
 ก.'$ .	
#!36ก O+.	
#ก/+$'$ ($!36ก. 
-
ก&, 2550) 3กก	+! ก.-.!$ (pH) $.		)O$'ก ! !

!ก 6.0 p"#$ Sprague (1964) O+6ก	3O+yกก&
# 1 3./$! (2550) 
$!  ก.-.!$
#+. 6.0-6.5  +.
#3+ +/!?/ก

#. ก.	 ก.-.!$'$?#6ก	h (>5, 7.5<) $ก+3+Oก +3h.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O+?/6h/h.$ ก	+.$$ก+?$O$'กก- 
?.	ก	+$ก? ! ก?ก&)+$O+
#
') h!ก2	.ก	$ก.$ก+ ? h!ก.!$?$+!$ 
(interveinal chlorosis)  กก	#$O$ O+$
#
6ก&)+ ก+3ก (rosette) 
((  /z	((y, 2535; Kaya, 2002)  2ก	+
#h.3 23กO$'ก
ก?ก.'O
#. ก6$.	.ก  ?/. O+ก6!$
#6 3"$
6.		)	
s'$  ก.-.!$$.	
#+!ก- 
? ก&)+$ก?
#/
.$3"$') 3"$	0h.! ก?-
h!.$ก+ O+'!+.
#h! 	& 
 
3.3.2  2M:438กก
ก 
3ก!$ก+$ก?
#กr
$ 3 $ ! ก.!.
$ก+
ก+.กก? h!
6.2!%'ก$$ก+
$ก?Oก!$ก
$s		?#
กก?
#.!.6ก# 
ก.!.$ก+
# 0 (.!.6ก#), 50, 100, 200 O+ 300 		ก!
	
62!%'ก$$ก+$ก?
#กr$Oก 
!ก 137.88, 
172.83, 173.2, 129.75 O+ 108.87 		 6. 2!%'ก$$ก+$
ก?
#กr$
# 2 
!ก 115.06, 141.33, 128.78, 128.44 O+ 124.87 		 
6. O+2!%'ก$$ก+$ก?
#กr$
# 3 
!ก 
119.48, 151.00, 131.83, 154.81 O+ 165.67 		 6.  (z
# 3.3 O+$z2ก

# 1) ก3	(O+y$?/.
#h3+ก	."
+ O+ h!$/ w /! ก3	(
$ 6 O+ก p"#$ก3	($ก+$ก?3ก	."/ 
6
.$ก+h!Oก!$ก ((  /z	((y, 2548 O+ Bergmann, 
1992) $ก+	
	!ก$+กp	
#2!ก.$p (Mortvedt et 
al. 1972) .$ $ก+3"$!3+
6.$ก+$ก?(!" 
?#$$ก+	#" O!ก
.$h!Oก!$ก
$s		$.
$ก+ 3 23กz.		)O$
.$
#'กก?  .	

#!+ก$)z.	 (clay) ก 
6$$
#O! (z	/
0	
, 2541) O+/!$
6ก
.$ /!$f.'O$  .	ก&)+Or$ s"$ก&)+ก?.
O+$2$p$ก+ Os 
6ก3	( h!$/ w 
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(+. +ก	%
	g, 2545; 	# ก£+, 2549) .$ ก?
#h.ก.!.
$ก+ 3"$.2!%'ก$$ก+h!Oก!$ก ($z2ก
# 2)    
                                                                        
0
50
100
150
200
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R=<C 3.3  2!%'ก$$ก+$ก? 3ก!$
#กr
$ 3 $ 
 
3.3.3  ?Oก2 ?Oก1M 1
@8r[89?ก
ก 
ก.!.$ก+
ก6ก. 6กO$ O+pr/?
$ก+$ก?
#กr
$ 3 $h!Oก!$ก
$s		?#
ก
ก?
#.!.6ก# ก.!. ZnSO4  
#$$ก+
!ก 0 (.
!.6ก#), 50, 100, 200 O+ 300 		ก!	pr/?$ก+
$
#กr$Oก (?#.! ZnSO4 hO 2 .?) 
!ก  74.65, 72.53, 77.20, 78.26 
O+ 71.06 6. ก+$ก?
#กr$
# 2 (?#.! ZnSO4 hO 
4 .?)  pr/?$ก+
!ก 73.36, 72.53, 72.50, 78.26 O+ 71.06 
6. O+ก+$ก?
#กr$
# 3 (?#.! ZnSO4 hO 6 
.?) pr/?$ก+
!ก 77.40, 76.21, 79.95, 79.19 O+ 77.14 
6. (z
# 3.4 O+$z2ก
# 6) pr/?$ก+$
ก?
#h!Oก!$ก 3 23ก+!$
6ก
.$ก6กก?
 !$#6 .6.+ 2 $ /?.	#6 
6ก.'.
O+63"$h!Oก!$ก (+. +ก	%
	g, 2545) ก3ก ก+$
0 (control)       50                100              200              300 
$ก+ (		ก!	) 
(T=SD) 
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ก?
#6
.$ ก?ก.
##6O+
#ก$ก .$ 
pr/?ก+
#	+h.3"$h!Oก!$ก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R=<C 3.4  pr/?$ก+$ก? 3ก!$
#กr
$ 3 $   
 
3.3.4  ก7 puerarin 
ก3 puerarin 3กก.ก+$ก?.	 TLC ./ 
n-butanol : acetic acid : water (5:3:1 .	)  ?#
# (z
# 3.5) .

6O!$$ Rf $ puerarin 3กก.ก?ก! Rf $ puerarin 0 

#6O!$.ก6O!$$ puerarin 0 p"#$ Rf 
!ก 0.81 ก3ก$h./
?#
#ก 2 ? chloroform : MeOH : water (65:25:4 .	) O+ chloroform : MeOH 
(20:1.	)  6O!$$ puerarin ก.ก?
!กก puerarin 
0  3"$?2ก
.$.	+ puerarin . HPLC ! puerarin 3กก.
ก?  peak 
# retention time 
!ก retention time  $ puerarin 0 (z
# 
3.6) O+'O (pattern) $ UV spectrum 
#?ก (z
# 3.7)  !	)$ puerarin 
6)3ก?
# peak $ puerarin 3กก.ก?
ก puerarin 0 
2ก
.$O.$z
# 3.8, 3.9, 3.10, 3.11 O+ 3.12  
 
 
0 (control)        50                100              200             300 
$ก+ (		ก!	) 
(T=SD) 
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R=<C 3.5 TLC Oก$ puerarin 0 O+ puerarin (Rf = 0.81) 3กก.ก
+$ก? zO$h (UV) 
#?# 256 
 ?#
#
#/? n-butanol : acetic acid : water (5:3:1 .	)   
 
 
 
 
 
 
 
Rf = 0.81 
    Standard                          Sample 
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.  
                                                      
R=<C 3.6  HPLC Oก$ puerarin 0 3./O$h
?# 256   
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R=<C 3.7  HPLC Oก$ puerarin 3กก.ก+$ก? 
3./O$h?# 256   
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DAD1, 8.382 (58.7 mAU, - ) of 004-0101.D
DAD1, 8.383 (58.7 mAU,Apx) of 005-0101.D
 
 
R=<C 3.8 UV spectrum Oก puerarin 3กก.ก+$ก? 
(A) O+  puerarin 0 (B) 3./O$h 
#?# 
256   
 
 
A 
B 
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ก+$ก?
#กr$Oก (?#.! ZnSO4 hO 2 .?) 
! ก.! ZnSO4 
# 0 (.!.6ก#), 50, 100, 200 O+ 300 		ก!
	 	) puerarin #
!ก 103.5, 109.3, 122.1, 180.8 O+ 100.6 hก/ก
6กO$6. (z
# 3.8) ก+$ก?
#กr$
# 2 (?#.! 
ZnSO4 hO 4 .?)  ! ก.! ZnSO4 
# 0 (.!.6ก#), 50, 100, 
200 O+ 300 		ก!	 	) puerarin #
!ก 67.6, 116.2, 128.0, 190.7 O+ 
158.2 hก!ก6กO$6. (z
# 3.9) O+ก+$ก?-

#กr$
# 3 (?#.! ZnSO4 hO 6 .?) ! ก.! ZnSO4 
# 0 
(.!.6ก#), 50, 100, 200 O+ 300 		ก!	 	) puerarin #
!ก 96.1, 
114.5, 137.5, 213.2 O+ 178.4 O+ hก!ก6กO$6. (z
# 3.10)  
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R=<C 3.9  	) puerarin 3กก+$ก?
#กr$Oก (?#.! 
ZnSO4 hO 2 .?) (T = SD)  
 
 
0 (control)  50          100       200        300 
$ก+ (		ก!	) 
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R=<C 3.10  	) puerarin 3กก+$ก?
#กr$
# 2 (?#.! 
ZnSO4 hO 4 .?) (T = SD) 
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R=<C 3.11  	) puerarin 3กก+$ก?
#กr$
# 3 (?#.! 
ZnSO4 hO 6 .?) (T = SD) 
 
 
 
0 (control)  50          100       200        300 
$ก+ (		ก!	) 
 
0 (control)  50          100       200        300 
$ก+ (		ก!	) 
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3ก	) puerarin #
#	+h.3ก!$!$ก+$
ก?
#กr
$ 3 $ 3+rh.! ก.!ก?. ZnSO4 
#
$$ก+
!ก 200 		ก!	ก+$ก?ก+ puerarin 
#'$
#. ? 194.3 hก!ก6กO$ $$? ก.! ZnSO4 
#
$$ก+
!ก 300 		ก!		) puerarin #
!ก 146.3 hก
!ก6กO$ ก.! ZnSO4 
#$$ก+
!ก 100 		ก!	 
	) puerarin #
!ก 129.0 hก!ก6กO$ ก.! ZnSO4 
#
$$ก+
!ก 50 		ก!	 	) puerarin #
!ก 113.0 hก
!ก6กO$ O+ก!
#.!.6ก# 	) puerarin #
!ก 87.7 
hก!ก6กO$ 6. (z
# 3.11) 
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R=<C 3.12  	) puerarin # 3กก+$ก?
#กr
$ 3 $                      
(T = SD) 
 
3กก	+	)$ puerarin . HPLC ! 	)$ puerarin 	#"?#
ก?ก" .ก?
#กr$
# 3 3+	) puerarin กก!
ก?
#กr$
# 2 O+ก?
#กr$
# 1 6. (z
# 3.12 )  .$
กก%"ก&$ +  .	. (2546) 
#! ก?
#ก" 3ก 4 .?
0 (control)  50          100       200        300 
$ก+ (		ก!	) 
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3s"$ 16 .? 3+	) daidzein O+ genistein 	#ก"6. ก3ก z/  

3	( O+)+ (2549) ! ก?
#ก"3+กf
	g
#6(	#".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R=<C 3.13  	) puerarin 3กก+$ก?
#กr$
# 1-3 
 
 3ก2ก	3! ก.!ก?. ZnSO4 
#$$ก+

!ก 0 (.!.6ก#), 50, 100 O+ 200 		ก!	
6	) puerarin 	#"
3ก 87.7 hก!ก6กO$ 3s"$ 194.3 hก!ก6กO$ ก
#
ก?ก+ puerarin 	#ก".$ก! 3 +$ก+
sก+ก
6$$rhp 2 /	.ก+กhกhp	p"#$กr?rhp 
fructose-1,6-bisphosphatase p"# $ !$x	ก		 fructose-1,6-bisphosphate h  fructose-6-
phosphate O+rhp aldolase 
#/!Oก fructose-1,6-bisphosphate   dihydroxy 
acetonephosphate O+ glyceroldehyde 3-phosphate p"#$ glyceroldehyde 3-phosphate 3+
s'ก#  phophoenolpyruvate (PEP) p"#$ $ก$+ก! flavonols, 
flavones O+ isoflavones ((  /z	((y, 2548)  .$  ก$+ก! 
flavones O+ isoflavones 3"$	#". O+$$ก+
# 200 		ก!	 3

6ก
6$$rhp
$ 2 /	..
#. 3"$
6ก$+ puerarin ก
#. 2
ก
.$.$กก%"ก&$ Kozlovskii  et al. (2000) 
#! ก$ก+ก 
0 (control)         50                100              200              300 
$ก+ (ppm) 
 
(T=SD) 
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Penicillium citrinum sก+ก$ citrinin p"#$ ก! isoflavones 	#
ก"  $ก+$	
	
$!ก$+ puerarin ? /!?#p$p
 (guard cell) $$
#.O+#$ 
6ก6O
ph+p
 hก	 O+$/!O
pzph!#hกh$p$$ 3"$
%กp	$
# 3+ก	.!$O+.ก ?/
#.$ก+3+กpก 
(efflux) $O
p3กp ก. !$2ก$+O$
.$ (Sharma et  al., 1995) ก3ก $ก+$/!ก$ p"#$
6
ก$+O$	#" ($
  sz, 2543; (  /z	((y, 2548; Salispury 
and Ross, 1974) O+
6ก$+$$ก! isoflavones 	#". 
 3กก$ก! 	) puerarin .#6$?#$$ก+	#  300 
ppm 3 +$ก+
#'$
6rhpsก!$x	ก		.$  
O+$
6
6?#2! (membrane permeability) ก	.2	.ก	O+h!sก&
.$
#'!ph. ก	.ก#h$+ก
#Oก +
+
# 6h (electrolyte) 
6$ก?กhO+$	ก$ 
(Kaya, 2002; http://www.geocities.com, 2007 ) p"#$.$ก$$ Vitosh (1997) 
#
! $ก+
# 300 		ก!	 ?'$ก!  +.
# 	&
!?/ p"#$?/h!s

#+.h. 
 	
	$3!ก	#ก! isoflavones  $2'%"ก&ก /! +   
.	. (2546) ! ก.!+
$O.$p"#$ 3/!.ก$ก+ 
6
	) daidzein O+ genistein ก+$ก?	)กก!ก!
 O+$
$O.$
# 300 		ก!	 	) daidzein O+ genistein 
'$.  
	  3
/ (2547) ! ก.!ก?. CuCl2 1,000 		ก!
	, MnCl2 1,000 		ก!	 O+ FeCl2  1,000 		ก!	 
6	) coumestrol 
ก+$ก?	#ก"!$6(	#$
$s		 CuCl2 1,000 
		ก!	 	) coumestrol ก+$ก?ก
#.?#

กก!  Hakamatsuka (1991) $! ก CuCl2 10 mM  ก6s# Kudzu 
(Pueraria lobata) 
## /	 w  2 /#$ 
6	)$ daidzein,  genistein O+ 
coumestrol 	#" 5-10 
!  ก3ก Andrew et al. (1994) $$! ก3 /! 
CuCl2, MnCl2 O+ FeCl2 Oก!s# (Medicago sativa L.) 
6ก$ก! 
isoflavones 	#ก"/!ก  
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3.4  H@ก573 
ก.!+ ZnSO4 
#$$ก++.!$ w กก?
h!2!.2!%'ก$ 6ก. 6กO$ O+pr/?$ก+
 O!
6ก?ก+ puerarin ก+กก!ก!
#.
!.6ก# 	) puerarin 3กก+$ก?
#กr$
# 3 กก!$

# 2 กก!$
# 1 6. $$ก+!$ก2
6	) puerarin ก
+$ก?Oก!$ก!$6(
$s		  ก.!ก?.
$ก+ 200 		ก!	 	) puerarin ก+$ก?'$

#. 194.3 hก!ก6กO$ $$ก+
#'$ก! 200 		ก!	

6ก+ puerarin ก+$ก?.$ O+
6$ก?-
ก	.กhO+$	ก$ 
 
3.5  3กM5 
+ .	.. (2546). 	
	$zO. O+~33
#2!ก3	(	 ก
ก.ก ก	.4~กO+r. O+ก+ Daidzein O+ Genistein 
ก?. 5<35=>8@5DD2H;YEFG5. 5<33<663H.  
+. +ก	%
	g. (2545). 5<31
<6639R==9E?M. 	$
# 1. 
Oก!: z	//	
 )+	
% 	
Oก!. 227 .   

	 3
/. (2547). กก.ก ก	.4~กO+ก+ Coumestral ก+
$ก? (Pueraria candollei  Grah. var. mirifica). 5<35=>8
@5DDEFG5. 5<33<663H. 
z	/0	
. (2541). @\=5<3E?M : Introduction to soil science. )+ก& 
	
ก&%. ก$
. 547 . 
$
 sz. (2543). >H=9. z	/0	
 )+ก& 	
 
ก&%. ก$
.  286-352. 
	# ก£+. (2549). ก5E61
=^ก=9. 5<3=9. ก$
: 6ก	
	
ก&%.  177-199. 
(  /+z	((y. (2548). 95<3=9. ก$
: 33.ก
. 297 . 
z/  
3	(  ก$%ก.	g .ก&  O+z) 
$6ก. (2549). 22	O+	)
+6($ก? 3กก'ก.r..  กก@
9H<-
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ก&%. 
ก$
.  217-223. 
6ก	3O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E<<C 4 
ก2ก [Pueraria  candollei Grah. var. mirifica  
(Airy Shaw et. Suvatabandhu) Niyomdham] ก3              
224 (Rattus  norvegicus) 
 
E<23 
 
ก+$ก? [Pueraria  candollei Grah. var. mirifica (Airy Shaw 
et. Suvatabandhu) Niyomdham] กf
	g
#6(ก! ก! flavonoids  ก!
#
	)ก
#. f
	g$ก! flavonoids s/!?.กh. 3"$%"ก&
2$ก.ก?!ก$.?.' .
6ก
.$+!$
.?	s 2550 s"$ .?	$ 2550 
#	

 $O2ก
.$
O!')zrก (RCBD) .	+Oก!$$ก$.?.
'/!$
#กก.ก?3กก
.$
# 1 
$ 5 

 ? ก?

#.!.$ก+
# 0 (.!.6ก#), 50, 100, 200 O+ 300 		ก!	 

ก/!$
#h!h.ก.ก? 2ก
.$! ก.ก?

ก


6.?.$'กกก!/!$
#h!h.ก.ก?
!$ 6(	#$
$s		  ก acetylcholine !กก.ก?


# 1 
pr?
#$ (AUC) Oก!$!$6(
$s		?#
กก 
acetylcholine !กก.ก?3ก

?#  ก acetylcholine !ก
ก.ก?


# 4 
6.?.'กh..
#. .pr
?
#$ (AUC) 
#. 51 pr ?#
กก! (100 pr) 
.$ ก.ก?2
6.?.$'กh. 
 
4.1  E<O 
ก? [Pueraria  candollei Grah. var. mirifica (Airy Shaw et. Suvatabandhu) 
Niyomdham]  ?/h
#/!6$	 .ก$
#ก	.3ก.?. 
6
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กh$?..  O+/!+
/	! p"#$2.$ก!ก	.3ก
กf
	g
#6(ก+$ก? 
#'!ก! /! ก! flavonoids   
ก! coumarins   ก! chromene  O+ก! steroids p"#$ก! flavonoids 	)'$
#. (3  

	%, 2547) ก! flavonoids ก+$ก?f
	g/!$กก
ก	.ก#ก.?.. (Vitor et al., 2004; Stocker and OHalloran, 2004) p"#$.$
ก$$ Knekt et al. (2002) O+ Jenkins et al. (2003) 
#! 2'
#h.ก! 
flavonoids 3+กก	.3.#6$ p"#$ก	+	)ก! flavonoids 
ก.ก?.	 HPLC $ Surapote (2001) ! 
#ก
#.? puerarin 
	) 141.11 		ก! 100 ก6กO$ ก%"ก&f
	g$ puerarin 
$z/	
 
! s/!.ก5.!$ w /! /!กO+	#กh$
?..?. coronary artery  p"#$/!..z?. /!.z+.?.
. O+)	 '	+ (antioxidant) ก!กก	.+r$ 
ก3ก$/!.ก$	&?$ (alcoholism) h.ก. (John et al., 2004)  
3กก
.$
# 1  ก	#	)$ puerarin ก+$ก?
.ก.!$ก+
#!$ w O+3กf
	g
$z/	
$ puerarin .$ก! 
3"$6ก.ก?3กก
.$
# 1 
.f
	g!ก$.?.'
 ?# O
$ก/?2	 ก&
#ก#ก.	'$ ?#$3ก$	3
ก#กก?!(!h
#ก%"ก&f
	g3 .
.
ก.'ก$
.$!$ w (3  
	%, 2547) O!ก%"ก&ก#ก.?..$
 .$ ก%"ก&2$ก.ก+$ก?
#	#	) 
puerarin .ก$ก+3"$ O
$O+ '?$
#6(ก6hก&
!$ w .ก/hก? O+ก6h2	 ก&
#ก#ก.
	'$p"#$ "#$$ก/	 O+ ~(ก
#.$+
%h
 (ก	 
O$y3, 2549) 
4.2  5>2O5ก573 
4.2.1  T<C<Oก573 

6ก	3
#$x		ก	
?/ %'?#$?	
%O+
 
3 (F3) O+$x		กก	z%O+	
$& 	+ก	 72 
&/	s (F9) 	

 3$./ +!$.?
	s 2550 s"$ .?	$ 2550  
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4.2.2  กH3 2H H@กF8 1
ก<2 
1) ก+$ก? 3กก
.$
# 1 36 5 

 .$ 



# 1 (T1)  ก! (.!.6ก#)  



# 2 (T2)  .!.+ ZnSO4 
# Zn 50 		ก!	 



# 3 (T3)  .!.+ ZnSO4 
# Zn 100 		ก!	 



# 4 (T4)  .!.+ ZnSO4 
# Zn 200 		ก!	 



# 5 (T5)  .!.+ ZnSO4 
# Zn 300 		ก!	 
2) ' Wistar rat % 6ก 180-250 ก (z2ก
# 4) 
3) ?#$
"กก.$ก? (Power Lab system) O+ Organ bath system (z
2ก
# 5) 
4) ก)
#/2!.'  
5) ?#$/#$
%	 4 6O!$ 
6) : dimethyl sulfoxide (DMSO), acetylcholine (Ach.) 
7) Tissue bathing medium: Krebss solution (pH 7.4) +ก. NaCl 154.0  mM, KCl 
5.4  mM, CaCl2 2.0  mM, MgSO4 1.2  mM, Hepes 10.0  mM O+ glucose 12.0  mM 
 
4.2.3  ก3ก27กก
ก 
 6ก+$ก?
$ 5 

3กก
.$
# 1 
#O$O
.+..?#$. (blender) O!2!+Oก$
#'. 0.1 		 62$
ก?
#!h.O!+

	) 10 ก !$.Oก (flask) . 125 
			 	
 99 pr	 100 			$O!+ flask .ก. 
(foil)  ก.
#)z'	$.?#$ก6	.s#?$ (ultrasonic processor) .3!O
!$
ก. (probe) .2!%'ก$ 5 		$ flask (.Oก) 
#2$ก?O+   

2ก'! O!+ flask .ก6.?#$!ก Op (pulse) 3 
	
!$ /กก.
$. 30 
 3กก$2!ก+.&ก$ Whatman  1 
./?#$ก$O((ก% (vacuum filter pump)  ~ #$ (centrifuge) 
#ก$h.
#
r 4000 !
  12 
 Oก!กO+6ก$.ก+.&ก$ 
Whatman  42 3ก+
ก.?#$+O((ก% (vacuum 
evaporator) 3+ 6
#h.?#$ freeze dry ?#
6O$  /#$O!
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+

	) 500 		ก2ก dimethyl sulfoxide (DMSO) 	 2 			 !
ก.?#$! (vortex)  
 
4.2.4  ก<2Eก2กก3224 
1) 
6'.	ก?#ก+.'ก (cervical dislocation) ./ก 
(forceps) 3ก/กhก./!$
$O+..?. portal vein (hepatic portal) 3ก
กr!$.?. Krebs solution (physiological saline solution)  
2) 6!$.?.
#h.
.$

 ?กr
#)z'	 4 $%ppO!h!
ก	 12 /#$ Krebs solution 
3) ..?.Oก?ก  2 /	 ! 1 !$ก$3
% 
stereo-microscopy   
4) 6!$/	$.?.
.$ ?#%"ก&ก.O+.?#$

"กก.$ก? (PowerLab System) O+ Organ bath system 	$ 
Longbottom et al. (2000) .O!$ก
.$ก  3 /!$ ? /!$
# 1 .?.ก.
O+ /	 (spontaneous contraction)  Krebs solution ./ 1 /#$  
/!$
# 2 	 acetylcholine (1.0 µM) 
# Krebs solution ?#ก+.?.
ก.ก" ./ 30 
  O+/!$
# 3 	ก.ก?3ก
# 4.2.3 


+ 100 h	
# Krebs solution 100 			!ก acetylcholine (1.0 
µM) ./ 30 
 
6ก
.$ 3 p6!ก.ก? 1 

 (n=3) 
5) 
ก.O+$.?.'/!$
#ก+ก.. 
acetylcholine (	.  100%) O+/!$
# acetylcholine !กก.ก?O!+ 



#h.3กก
.$
# 1 (T1 .!.6ก#, T2 .!. ZnSO4 
# Zn 50 
		ก!	, T3 .!. ZnSO4 
# Zn 100 		ก!	, T4 .!. ZnSO4 
# Zn 
200 		ก!	 O+ T5 .!. ZnSO4 
# Zn 300 		ก!	) 
 
4.2.5  ก<2E<O
3 DMSO ก3224 
 ?#$3กกก.ก?/ DMSO  
6+ ?#O!3!
ก$.?.h!h. 23ก DMSO 3"$h.
6ก
.f
	g$ DMSO !
ก$.?. .+..$  6!$.?.
.$ก.O+
.?#$
"กก.$ก? .O!$ก
.$ก  3 /!$ ? /!$
# 1 
 62 
!.?.ก.O+ /	 (spontaneous contraction)  Krebs 
solution ./ 1 /#$  /!$
# 2 	 acetylcholine (1.0 µM) 
# Krebs solution 
?#ก+.?.ก.
#'$" ./ 30 
  O+/!$
# 3 	 DMSO 
	 100 h	
# Krebs solution 100 			!ก acetylcholine (1.0 µM) 
./ 30 
 
 
4.2.6  กก[EEM4 1
ก5
8 
กr'$?
#$ (area under the curve: AUC) $ก.O+
$.?. 3ก!$.?./!$
#h.กก+ก.. acetylcholine O+
/!$
#h. acetylcholine !กก.ก?O!+


#h.3กก
.$
# 
1  	+p (ANOVA) O randomized completely block design (RCBD) .
Oก	+'
$s		 SPSS Vol.13 O+
!#.	 Duncans new 
multiple range test (DMRT) 
 
4.3  ก5731
กR5@3 
 ?#	+ก.O+$.?.$' Organ bath system .
?#$
"กก.$ก? (Power Lab) .O!$  3 /!$ ? /!$ spontaneous 
contraction  /!$
#ก+ก.. acetylcholine O+/!$
# acetylcholine !กก.
ก?
#h.3กก
.$
# 1  ! .?./!$
#h. acetylcholine 3+
ก.$.?.	#" (z
# 4.1) O+/!$
# acetylcholine !กก.
ก? ! .?.ก..$?ก	#" (z
# 4.2) ก

.2$ DMSO (dimethyl sulfoxide) p"#$/ 
6+$ก.ก? !
ก$.?.' ! DMSO h!2!ก.O+$.?.
' (z
# 4.3) .$ 3"$?h.!ก$.?.' 23กก
f
	g
#6(
#'!ก?
! 
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0 15 30 45 60 75 90 105 120 135 150
0.1
0.2
0.3
0.4
0.5
0.6
T
e
n
s
io
n
 (
g
)
Time (min)
 
R=<C 4.1  ก.O+$.?.'?#h. acetylcholine (/!$$O! 
0-60 
  ก.O spontaneous contraction $3ก กก+ก
.. acetylcholine (1.0 µM) Oก$$zO.$O$"$ก. (tension) 
! ก (g)  OกO.$
#/ก
.$ (time) ! 
 
(min)  () O.$
#!) (n=3) 
 
 
 
 
 
 
 
 
 
 
Acetylcholine 
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R=<C 4.2  ก.O+$.?.'?#h. DMSO (/!$$O! 0-60 

  ก.O spontaneous contraction $3ก 

# 60-90  ก
ก+ก.. acetylcholine (1.0 µM) O+

# 90-120  
.2$ 
DMSO  Oก$$zO.$O$"$ก. (tension) ! ก (g)  Oก
O.$
#/ก
.$ (time) ! 
 (min)  () O.$
#
!) (n=3) 
 
Acetylcholine 
DMSO 
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R=<C 4.3  ก.O+$.?.'?#h. acetylcholine  O+ 
acetylcholine !กก.ก?


# 4 (/!$$O! 0-40 
 
 ก.O spontaneous contraction $3ก/!$$O! 40-70 
 
 กก+ก.. acetylcholine (1.0 µM) O+/!$ 70-100 
  
ก!ก.ก?!ก acetylcholine  Oก$$zO.$O$"$
ก. (tension) ! ก (g)  OกO.$
#/ก
.$ 
(time) ! 
 (min)  () O.$
#!) (n=3) 
 
 
 
 
 
 
 
 
Acetylcholine 
White Kwao Krua 
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=?<CMM6M (area under the curve: AUC) 
pr?
#$$ก.$.?.'/!$
# acetylcholine 
!กก.ก?
#h.3กก
.$
# 1 ! ก acetylcholine !กก.
ก?3ก


# 1 pr?
#$Oก!$ก!$6(
$s		
?#
กก acetylcholine !กก.ก?3ก

?# .
?
#$
!ก 63.37 ± 5.88% !ก acetylcholine !กก.ก?
3ก


# 2, 3, 4 O+ 5 h!Oก!$ก
$s		 .?
#$
!ก 52.49 ± 
9.24%, 52.62 ± 4.48%, 51.00 ± 7.70% O+ 59.02 ± 6.09% 6. (z
# 4.4 O+$
z2ก
# 12)  
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R=<C 4.4  pr?
#$ (AUC) $ก.$.?.' ?#
ก.ก?

!$ w 
#h.3กก
.$
# 1 (T = SD) 
 
 
 
 
 
Treatment 
100% 
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3ก2ก	33+rh.! ก.$.?.$'
#h. acetylcholine 
!กก.ก?
#h.3กก
.$
# 1 p"#$	#	) puerarin ก+
.ก.!$ก+กก? .$ก	) puerarin O!+

 
.


# 1 	) puerarin ก+$ก?
#	+h.

#.O+
6.?.$'กh.
#./!ก !


# 4 
	) puerarin ก+$ก?
#	+h.ก
#. O+
6.
?.$'กh.ก
#./!ก p"#$.$กก%"ก&f
	g$ puerarin 
$ John et al. (2004) 
#! puerarin f
	gก$.?. p"#$/!	#ก
h$?.O+/!.z+.?..h. 
2ก	3$.$กก%"ก&$ Xu et al. (2007) 
#! ก! flavonoids 
f
	g/!.?. coronary artery $'+zกh.. O+ก! flavonoids 

ก/	.
#6
.$s/!.?.กh. (z2ก
# 6) Hnatyszyn1 
et al. (2004) ! ก! flavonoids ? quercetin O+ quercetin 3-metyl ether) 
#h.3ก 
Achyrocline  satureioides  	) 0.075 		ก!			 s/!.?.$
'+zกh. 79.8±8.4% O+ 66.0±4.8%  Hana et al. (1997) ! ก! 
flavonoids s/!6hrก (ileum) p"#$ ก?/	./!.ก.?.
กh. (z2ก
# 7) Sheng, et al. (2002) ! genistein 2!!ก$
.?.ก+! $ genistein 	#" 3+
6ก$.?.	#"
./!ก (z2ก
# 8) ก3ก ก%"ก&$ Laekeman et al. ( 1986); Duarte et al. 
(1993, 2001); Ko et al. (1999) O+ Perez-Vizcano et al. (2002) $.! flavonoids 
s/!ก$ก?/!ก?$.?.h.  
.ก	O! ก.-.!$ (pH) $ portal vein 3+'!
# 6.96±0.04 (Taggart et 
al., 1995) 2$ก#O$ ก.-.!$zp (pHi) O+zกp (pHo) 

6ก	.กhก (mechanisms) O+ก	.O$ (force) 
#
6.?.ก.O+ก 
(Smith, 2002) ?# ก.-.!$zกpก?.$ 3+
6.?.ก. 
O!h!2?! ก.zp?#	#"3+
6.?.ก.ก" 
(Austin et al., 2000) p"#$2ก	33ก#$กก#O$+.$ Ca2+ O+ H+ 
ก? /! .?. p"#$3+
6ก	.ก.O+ก$.?. p"#$2!
กh$?. O+.z.?. (Austin et al., 2000) p"#$ก
.$$
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 ก.ก?32
6ก?#
#$ Ca2+ '!p$ 3"$
6ก.
$p$.?..$ ?.?.กก"#$ 
 
4.4  H@ก573 
 ก acetylcholine !กก.ก?
$ 5 


#h.3กก
.$
# 
1 ก.?.' s
6ก.$.?.$'.$ ?ก
	#"?#
ก/!$
#h!h.ก.ก? !pr?
#
$ (AUC)  $ก.$.?.'?#h. acetylcholine !กก.
ก?3ก


# 1 ก
#. !ก acetylcholine !ก
ก.ก?3ก


# 4 กh..
#..pr?
#$$
ก.$.?.'
#. 
 
4.5  3กM5 
	&0  
$!$ O+
  	+%		. (2530). ก:Bก;ก<CU2M7ก1 : 
k<>5q67 =k5กก 1
5
825. z	//	
 
)+	
% 	
/$!. 
3  
	%, (2547). 677ก=9 (phytoestrogen). z	/z/	
 )+z/
% 3|$ก)	
. ก$
. 
ก	  O$y3. (2549). [2UE 2224. [h]. h.3ก 
http://www.tttonline.net/health_show.php?type_id=300 
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 5 
 
 
5.1   ก
ก
 puerarin ก
ก 
[Pueraria candollei Grah. var. mirifica (Airy Shaw et. Suvatabandhu)  
Niyomdham] 
5.1.1 ก.!$ก+
กกก?h!
6.2!%'ก$ 
6ก. 6กO$ O+pr/?$ก+Oก!$ก
$s		 
5.1.2 ก?
#h.$ก+ ก+ puerarin 	#"?#
กก!

#.!.6ก# 
5.1.3 $$ก+
# 200 		ก!	 
6ก?ก+ 
puerarin ก+$ก?ก
#. 
5.1.4 $$ก+
# 300 		ก!	
6ก?ก+ 
puerarin ก+.$ กhO+$	ก$ 
 
5.2   ก2ก [Pueraria  candollei Grah. var. mirifica (Airy 
Shaw et. Suvatabandhu) Niyomdham] ก3224 
(Rattus  norvegicus) 
5.2.1 ก
.2$ก.ก?
#h.3กก
.$
# 1 ก.?. 
portal vein (hepatic portal) $' ! ก.?s
6ก.
$.?.'.$ ?.?.กก" ?#
ก/!$
#h!h.
ก.ก? 
5.2.2 ก acetylcholine !กก.ก?3ก


# 1 pr
?
#$ (AUC) ก
#. ?ก$.?.'
#. ?#

กก acetylcholine !กก.ก?3ก

?# w  ก 
acetylcholine !กก.ก?3ก


# 4 pr?
#$ 
(AUC) 
#. ?.?.$'กh..
#.   
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5.3   
5.3.1 ก'กก??#ก+ puerarin ก+ก
#. 
!$ก+
# 200 		ก!	 ?#6ก! h!/$$ก+
ก	 200 		ก!	 ก3.ก?#$ก+ +.
$$ก++กก?
#+) 6 j %"ก&
#
+ก$ก? ?#ก+ puerarin ก
#. 
5.3.2 ?#h.2ก
.$
#+	
	zO+.z!ก6h/3	$ 3"$
ก%"ก&!?#$!h ?#	)O+
#+$ก.ก?

#2!ก$?.+.
#h!  ก!6h/ก!h  
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Rก 
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R=ก<C 1  Diagram O.$/$+ puerarin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Glucose 
Fructose 6-P 
Fructose 1,6-Bis-P 
Dihydroxy acetone-P Glyceraldehyde 3-P 
PEP Shikimate pathway 
Isoflavones 
Glucose 6-P 
Fructose 1,6-Bis-Pase 
Aldolase 
Puerarin 
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R=ก<C 2  Diagram O.$/$+ puerarin 3ก Shikimic acid pathway 
 
 
 
 
 
phenylalanine 
phenylalanine ammonia lyase 
cinnamate 4-hydroxylase 
 
4-coumarate:CoA ligase 
chalcone synthase + chalcone synthase chalcone reductase 
chalcone isomerase   
flavone synthase 
 
flavanone 3 hydroxylase 
 
Cinnamate 
p-coumarate 
p-coumaronyl-CoA 
 
4,2,4’-trihydroxychalcone- 
dihydroxyflavonol 
4,2’,4’,6’- tetrahydroxy- 
chalcone 
5,7,4’01-trihydroxyflavanone 
(naringenin) 
flavone 
isoflavone 
Puerarin 
 76 
 
 
R2 = 0.999
0
200
400
600
800
1000
1200
1400
2 
pp
m
4 
pp
m
6 
pp
m
8 
pp
m
10
 p
pm
12
 p
pm
14
 p
pm
16
 p
pm
18
 p
pm
20
 p
pm
22
 p
pm
24
 p
pm
26
 p
pm
28
 p
pm
30
 p
pm
	55( Zn
P
ea
k
 a
re
a 
(m
A
U
)
 
R=ก<C 3  ก0$ puerarin 
 
Rก<C 1  2!%'ก$ก+$ก?
#กr
$ 3 $ 
2!%'ก$ (.) 
Zn 
$
# 1 $
# 2 $
# 3 
0 (control) 137.88ab1/ 115.06 a1/ 119.48 a1/ 
50 mg/L 172.83b 141.33a 151.00ab 
100 mg/L 173.20b 128.78a 131.83a 
200 mg/L 129.75ab 128.44a 154.81ab 
300 mg/L 108.87a 124.87a 165.67b 
1/  
!#.	 DMRT 
#+./?## 95% .!#.ก
#
.ก&z&$กf&
#?ก h!Oก!$ก
$s		 
 
 
 
 
 
puerarin 
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Rก<C 2  ANOVA $2!%'ก$ก+$ก?
#กr
$ 3 
$ 
MS 
Source df 
$
# 1 $
# 2 $
# 3 
Treatment 4 3157.124 ns 355.337ns 1235.911 ns 
Replications 3 2315.972 ns 461.550 ns 1430.546 ns 
Error 12 967.130 ns 1013.323 ns 1148.234 ns 
Total 19 6440.226 1830.21 3814.691 
ns  = h!Oก!$ก
$s		 
 
Rก<C 3  6ก. 6กO$ O+pr/?$ก+$
ก?
#กr$
# 1 
กr$
# 1* 
Zn 
. O$ . . % /? 
0 (control) 683.68a1/ 3059.65a1/ 74.65a1/ 
50 mg/L 908.88c 3913.77c 72.53a 
100 mg/L 680.33a 2806.92a 77.20a 
200 mg/L 864.23c 3423.32b 75.97a 
300 mg/L 796.90b 3265.02ab 74.73a 
*  $
# 1 ($ก.! Zn 2 .?)  
1/  
!#.	 DMRT 
#+./?## 95% .!#.ก
#
.ก&z&$กf&
#?ก h!Oก!$ก
$s		 
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Rก<C 4  6ก. 6กO$ O+pr/?$ก+$
ก?
#กr$
# 2 
กr$
# 2* 
Zn 
. O$ . . % /? 
0 (control) 537.03ab1/ 1857.53a1/ 73.36ab1/ 
50 mg/L 660.21b 2674.57b 72.53ab 
100 mg/L 726.18c 2712.22b 72.50a 
200 mg/L 493.19a 1752.89a 78.26b 
300 mg/L 658.30b 2489.22b 71.06ab 
*  $
# 2  ($ก.! Zn 4 .?) 
1/  
!#.	 DMRT 
#+./?## 95% .!#.ก
#
.ก&z&$กf&
#?ก h!Oก!$ก
$s		 
 
Rก<C 5  6ก. 6กO$ O+pr/?$ก+$
ก?
#กr$
# 3 
กr$
# 3* 
Zn 
. O$ . . % /? 
0 (control) 687.40a1/ 2918.13a1/ 77.40 a1/ 
50 mg/L 722.13ab 3901.38c 76.21a 
100 mg/L 625.22a 3162.20a 79.95a 
200 mg/L 818.20b 3472.35bc 79.19a 
300 mg/L 870.08c 3715.55c 77.14a 
*  $
# 3 ($ก.! Zn  6 .?) 
1/  
!#.	 DMRT 
#+./?## 95% .!#.ก
#
.ก&z&$กf&
#?ก h!Oก!$ก
$s		 
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Rก<C 6  pr/?$ก+$ก?
#กr
$ 3 $ 
pr/? 
Zn 
$
# 1 $
# 2 $
# 3 
0 (control) 74.65a1/ 73.36 a1/ 77.40 a1/ 
50 mg/L 72.53a 72.53a 76.21a 
100 mg/L 77.20a 72.50a 79.95a 
200 mg/L 75.97a 78.26a 79.19a 
300 mg/L 74.73a 71.06a 77.14a 
1/  
!#.	 DMRT 
#+./?## 95% .!#.ก
#
.ก&z&$กf&
#?ก h!Oก!$ก
$s		 
 
Rก<C 7  ANOVA  $pr/?$ก+$ก?
#
กr
$ 3 $ 
MS 
Source df 
$
# 1 $
# 2 $
# 2 
Treatment 4 12.085ns 49.527 ns 9.527 ns 
Replications 3 17.045 ns 26.838 ns 17.862 ns 
Error 12 12.975 ns 25.362 ns 38.140 ns 
Total 19 42.105 101.727 65.529 
ns  = h!Oก!$ก
$s		 
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Rก<C 8  	) puerarin 3ก!$ก+$ก?
#กr$
# 
1-3 
	) puerarin (hก!ก6กO$) 
Zn 
$
# 1 (mean ± SD) $
# 2 (mean ± SD) $
# 3 (mean ± SD) 
0 (control) 100.60 ± 23.89 a1/ 67.60 ± 16.06 a1/ 96.10 ± 22.82 a1/ 
50 mg/L 109.30 ± 25.96 a 116.20 ± 27.60 b 114.50 ± 27.19 a 
100 mg/L 122.10 ± 29.00 a 128.00 ± 30.40 bc 137.50 ± 32.66 ab 
200 mg/L 180.70 ± 42.92 b 190.70 ± 45.29 d 213.20 ± 50.64 c 
300 mg/L 103.50 ± 24.58 a 158.20 ± 37.57 cd 178.40 ± 42.37 bc 
1/  
!#.	 DMRT 
#+./?## 95% .!#.ก
#
.ก&z&$กf&
#?ก h!Oก!$ก
$s		 
 
Rก<C 9  ANOVA  $	) puerarin 3ก!$ก+$ก?

#กr$
# 1-3 
MS 
Source df 
$
# 1 $
# 2 $
# 3 
Treatment 4 91003.16* 166179.7** 179169.7** 
Replications 3 17716.89ns 11213.37* 17060.2* 
Error 12 3666.361 24022.22 41271.31 
Total 19 112386.4 201415.3 237501.2 
ns  = h!Oก!$ก
$s		 
* =   Oก!$ก!$6(	#$
$s		 (p < 0.05)   
** =   Oก!$ก!$6(	#$
$s		 (p < 0.01)   
 
 
 
 
 
 81 
Rก<C 10  	) puerarin 3ก!$ก+$ก?
#กr
$ 3 
$ 
Zn 
	) puerarin (hก!ก6กO$) 
mean ± SD 
0 (control) 87.7 ± 20.82 a1/ 
50 mg/L 113 ± 26.84 ab 
100 mg/L 129 ± 30.64 b 
200 mg/L 194.3 ± 46.15 c 
300 mg/L 146.3 ± 34.75 b 
1/  
!#.	 DMRT 
#+./?## 95% .!#.ก
#
.ก&z&$กf&
#?ก h!Oก!$ก
$s		 
 
Rก<C 11  ANOVA  $	) puerarin 3ก!$ก+$ก?

#กr
$ 3 $ 
Source df MS 
Treatment 4 4816.526** 
Replications 3 782.450ns 
Error 12 347.467 
Total 19 5946.443 
ns  =  h!Oก!$ก
$s		 
** =   Oก!$ก!$6(	#$
$s		 (p < 0.01)   
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Rก<C 12  pr?
#$ (AUC) $ก.$.?.' 
/!$
#ก.ก?!ก acetylcholine 
ก!
.$ 
?
#$ (AUC) (%)                                      
mean ± SD 
Ach. (control) 100 
Ach. + WKK T1 63.37±5.88 a
1/
 
Ach. + WKK T2 52.49±9.24 b 
Ach. + WKK T3 52.62±4.48 b 
Ach. + WKK T4 51.00±7.70 b 
Ach. + WKK T5 59.02±6.09 ab 
Ach. = acetylcholine, WKK = White Kwao Krua, T = Treatment 
1/  
!#.	 DMRT 
#+./?## 95% .!#.ก
#
.ก&z&$กf&
#?ก h!Oก!$ก
$s		 
 
Rก<C 13  ANOVA $?
#$ (AUC) $ก.$.?.' 
/!$
#ก.ก?!ก acetylcholine  
Source df MS 
Treatment 4 83.877* 
Replications 2 123.833* 
Error 8 28.116 
Total 14 235.826 
* =   Oก!$ก!$6(
$s		 (p < 0.05)   
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R=ก<C 4  ' Wistar Rat 
 
 
 
R=ก<C 5  ?#$
"กก.O+$ก? (Power Lab System) 
PowerLab/4SP AD Instrument O+ Organ bath system 
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R=ก<C 6  2$ก#O$ ก.-.!$zกp (pHo) !ก.$ 
portal vein $'+z A: 2! force, the indo 1 ratio, O+ pHi. B: 2$ 
pHo ! force, the indo 1 ratio,O+ pHi on a 2 µM norepinephrine (NE)-
precontracted strip. C: 2$ก#O$ pHo ! force, the indo 1 ratio, 
O+ pHi on a 100 mM KCl-precontracted strip. (Smith, 2002)  
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R=ก<C 7  2$$ flavones (open square) galangin (solid squares), 
xanthomicrol (open circles), crysin (solid circles)O+ quercetin (triangles) !
ก$6h' (Hana et al., 1997) 
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R=ก<C 8  2$ genistein !ก$.?.ก+!  (Sheng, et al., 2002) 
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R=ก<C 9  ?#$ HPLC 
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R=ก<C 10  ?#$+O((ก% (vacuum evaporator) 
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